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PROJECT SUMMARY 

 
A detailed research program has been formulated to address pressing dryland and irrigated 
agricultural production issues in the Northern Great Plains. It focuses on increased farming 
efficiency, reduced reliance on agrochemicals and increased overall farm profitability. Research 
centers on evaluating holistic management strategies and practices called integrated crop 
production systems (ICPS) that consider efficient use of precipitation and irrigation waters, soil 
and water quality, reduced tillage, ecologically-based cultural operations, management and 
economically viable crop rotations. Management strategies are directed towards minimizing use of 
pesticides, maintaining high yield quality and quantity, and improving soil quality using 
environmentally sensitive methods and procedures. Selected natural antagonists (i.e., fungi), plant 
protection mechanisms and cultural practices will be evaluated for use in dynamic bio-based 
disease and weed suppression strategies. 
 
The primary research issues under Objective 1 deal with the improvement of irrigated and dryland 
cropping systems through developing better understandings of the advantages and limitations of 
existing and proposed farming systems, and to develop biological approaches that can improve 
production efficiency and reduce grower input costs. The focus of Objective 2 is specifically on 
evaluating outcomes and quantifying environmental benefits and/or drawbacks that may result from 
the biologically-based farming strategies and practices developed in the first objective. Carryover 
effects of different rotations are important and need to be closely followed in the different tillage and 
management treatments. Objective 3 focuses on extending the research and the use of existing 
management models from subfield scale project findings to the whole field, local and regional level. 
 
Keywords: crop production, dryland, irrigation, soil quality, water quality, weeds, plant disease, 
ecology, biocontrol, integrated cropping systems, integrated pest management. 
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Objectives 
1. To develop diverse irrigated and dryland cropping strategies and technologies (e.g., variations 

in fertilizer application methods, row spacing, cultivar selection, seeding rates, planting timing, 
strip tillage, zero tillage) that increase farm profitability, productivity and soil and water quality 
while maximizing agrochemical, water and nutrient use efficiencies. [Management issues] 

2. To quantify environmental benefits from improved soil and water management, diverse crop 
rotations, reduced tillage, and selected combinations of cultural practices on plant, soil and 
water resources (e.g., reduced fertilizers and pesticides in leachate and field run off; improved 
soil water storage and use; reduced incidence of diseases and weeds; optimized nutrient 
cycling; and, increased soil biodiversity under the cropping systems developed above [see Obj 
1] for irrigated and dryland agriculture.) [Public safety, environmental and ecology issues]  

3. To extend research results and increase adoption rates by testing promising plot research 
outcomes on growers’ fields, and by using feedback from both plot and field research scales to 
calibrate existing models (e.g., GPFARM, CPED) for uses in combination with GIS and other 
valid management tools (e.g., meteorological networks, remote sensing, electrical conductivity 
(EC) mapping, and yield maps.) [Technology transfer] 

Need for Research 
The Agricultural Systems Research Unit (ASRU) at the Northern Plains Agricultural Research 
Laboratory (NPARL) near Sidney, Montana (http://www.sidney.ars.usda.gov/ ) is uniquely 
positioned to provide innovative and credible solutions to many regional agricultural and natural 
resource problems. It is located at the confluence of the Missouri and Yellowstone Rivers, which 
have abundant, high quality water and land resources for substantial irrigation development. In the 
large dryland production areas, high rates of soil erosion and a decrease in soil organic matter 
(OM), by at least 50% in the last century, indicate that traditional farming practices in the region are 
ecologically unsustainable. Furthermore, about 28% of total farm income in eastern Montana and 
western North Dakota (the “MonDak” region) is derived from Federal transfer payments, confirming 
that current farming systems are economically unsustainable under current world markets. The 
integration of diverse cropping systems and cultural practices with improved water, pest, and 
nutrient management practices and technologies that protect the environment and improve the 
economic benefits of irrigated and dryland agriculture are key to the success of future farming 
enterprises in the region. 

A major agronomic concern is the limited diversity of crops in the region. The strong dependence on 
wheat-fallow production systems common to the north central portion of the US is compounded by 
economic and ecological problems including water quality, endangered species, rising energy 
costs, competing downstream water uses, excessive soil loss and reduced nutrient cycling rates 
that are impaired by past management practices. Furthermore, the semi-arid climate (300-360 
mm/yr), results in frequent prolonged droughts, the high latitude climate, and long distances to 
markets limits the number of farming options that can be economically and ecologically introduced.  

Diversified (several different crops over time) and intense (every year) cropping systems that more 
efficiently utilize soil water have been shown to reduce costs as well as reduce water quality 
concerns (e.g., saline seeps). However, progress toward widespread adoption of diversified 
rotations using conservation tillage techniques has been slow within the Great Plains. Impediments 
to the adoption of conservation tillage and other technologies (e.g., precision agriculture) include: a 
general unwillingness to change established practices, limited risk/benefit information when 
adopting new technologies, and increased short-term weed and pest problems. Increasing crop 
diversity is constrained for both rainfed and irrigated growers by the scarcity of economically viable 
alternative crops, higher input costs, increased initial equipment expenditures, inadequate 
technological expertise and few long-term regional field-scale studies demonstrating economic and 
ecological advantages or sustainability. Nevertheless, opportunities for alternative crops are 
improving as a result of the construction of a new 1.5 M bushel malting barley grain handling facility 
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and a proposed 17 M gallon/yr ethanol production plant (corn) in the MonDak region.  

Diverse cropping systems entail more complex management and thus carry a higher level of risk. 
Research is needed to: understand the complexity of these systems (soils, crops, fertility, water and 
pests); to quantify the economic and environmental benefits of strategies that reduce risk, to 
determine how these and other alternative crops will fit into current farming systems, and to learn 
how to take advantage of conservation practices (e.g. zero or limited-tillage, targeted nutrient and 
pesticide applications) that reduce costs. The potential of developing new market opportunities that 
encourage diversity will significantly increase once these issues are successfully addressed. 

Irrigated and dryland crop rotation systems have traditionally relied upon substantial inputs of 
agrochemicals and tillage. However, economics and environmental issues are forcing changes to 
include more alternative crops (i.e., malting barley and corn), reduced use of agrochemicals and 
less tillage. New approaches are needed that minimize environmental impacts and increase net 
profit margins. Thus, the development of scientifically-sound, diverse, intense (cropped every year) 
irrigated and dryland systems that; reduce reliance on a limited number of major cash crops, 
ecologically alleviate pest problems; better manage soil water and nutrients, improve soil structure 
and productivity, and reduce farming input costs (including minimizing tillage) are needed to ensure 
the continued economic and environmental viability of the upper Missouri River Basin of the 
Northern Great Plains (NGP). 

Even though there is abundant, unappropriated water for irrigation development in the upper 
Missouri River Basin, major conflicts are inevitable between agriculture and other users regarding 
environmental issues, downstream flows and water quality. In addition, energy costs for pumping 
are rapidly escalating greatly affecting the economic sustainability of these enterprises. New and 
improved management strategies and practices are needed to reduce surface and groundwater 
contamination from agricultural lands. Improved irrigation practices are increasingly important to 
enhance water quality, conserve water, soils and energy, and sustain American food production for 
national strategic, economic and social benefits. Innovative irrigation techniques and management 
systems are needed to increase the cost-effectiveness of crop production, improve water quality, 
reduce soil erosion, and reduce energy requirements while enhancing and sustaining crop 
production and water use efficiency. Maintaining crop production through the more efficient use of 
rainfall and irrigation is critical to overcoming these problems in both space and time.  

Approximately one third of all irrigation in the US utilizes self-propelled center pivot and linear move 
irrigation systems (Irrigation Journal, 2001). It is estimated that only about 28,000 hectares in the 
MonDak region are currently irrigated with self-propelled systems. However, as labor becomes 
more limited and the farming population ages, it is expected that several thousand more acres will 
be converted from surface to self-propelled irrigation systems within the next ten to fifteen years. In 
addition, as much as 200,000 hectares of land could be converted from dryland to irrigated 
production in the MonDak region. Dryland fields close to the Yellowstone and Missouri Rivers 
suitable for irrigation typically require pumping lifts from 50 to 200 m and have pronounced 
topographic relief. Conversion of these areas to irrigation will likely utilize self-propelled center pivot 
and linear move irrigation systems. Management of efficient self-propelled irrigation systems must 
account for specific crop, soil characteristics, and field topography to maintain economic 
advantages and profitability while minimizing negative environmental impacts  

One critical means to help ensure the success of more diverse and intense farming enterprises is 
the development of reliable and timelier information on field and plant status that can be integrated 
into the decision-making processes. Research needs to focus on the development of spatial and 
temporal management approaches (including models) that address site-specific crop water, nutrient 
and pest management requirements in real-time. Achieving these goals and facilitating their 
integration into both dryland and irrigation farming enterprises will require much additional 
knowledge. However, a more comprehensive understanding of farming systems should result in 
substantial labor, water and energy savings and minimize agrochemical losses to surface and 
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ground water. Plant models capable of predicting the physiological needs of a crop over space and 
time tend to be complex and impractical for real-time farm management. Furthermore, most of 
these models are point models that are not sensitive or robust enough to adequately predict site-
specific plant needs across a field in a timely fashion. Simpler, more appropriate models for real 
time scheduling might be used, but will likely need frequent updating via automated, field-based 
sensor systems to readjust model parameters. Such sensor systems could include canopy 
microclimate monitoring, soil water status, plant reflectance characteristics, video cameras and 
other remote sensing technologies. More robust and accurate methods are needed to estimate or 
indirectly measure crop status for improved modeling accuracy. 

No-till, conventional wheat-fallow tillage systems, and irrigated cropping systems are all impacted 
with persistent weed problems (e.g., green foxtail, wild oat, herbicide resistant kochia, and 
numerous other annual and perennial weeds). Biologically based integrated pest management 
(BIPM) weed control programs are needed to solve these problems. The level of research needed 
to address weed issues in diversified, intense cropping systems is challenging and complex. For 
example, weed control efforts in minimum till dryland systems are typically less reliable than 
conventional or irrigated cropping systems due to a restricted set of herbicide options combined 
with limited tillage and crop alternatives. But it should be possible to take advantage of between-
year crop and management interactions by varying planting dates, planting configurations, cultivars, 
cultural and spray programs. Research is specifically needed to determine short-term means for 
controlling weeds at the onset of low-till or no-till farming efforts. Likewise, ecologically based weed 
control methods are desperately needed in irrigated cropping systems. Research must focus on 
lowering pesticide use through better sequencing of crops and better application timing, which will 
reduce weed seed viability and weed competitive advantages.  

The role that various soil organisms play in overall soil health (e.g. residue nutrient cycling, soil 
aggregation and soil structure) needs to be more thoroughly understood to develop management 
strategies that can sustain and enhance soil productivity. Certain pesticides can have a negative 
impact on the soil biota, thereby reducing nutrient cycling and lessening soil aggregation. A better 
understanding of the functions of soil microorganisms in altering weed seed viability and soilborne 
pathogen survival is also needed. These insights may improve management practices (e.g. reduced 
chemical use) and improve soil quality by maintaining the natural resilience of the soil ecosystem. 
This proposed research should also develop some much-needed quick and reliable indicators of 
soil quality trends. We believe that integrated, intensive dryland and irrigated farming practices can 
be developed that improve soil quality by minimizing soil disturbance, the rate of mineralization of 
plant residue and soil OM, and help maintain good soil structure.  

Traditional wheat-fallow cropping systems (conventional tillage) has led to reduction in soil OM 
content and declines in soil quality and productivity, resulting from increased nutrient mineralization 
of plant residues and wind erosion. These trends can be reversed by the annual addition of plant 
residues (above and below ground) and reducing the rate of nutrient mineralization. Fallowing the 
land also reduces soil OM because of a lack of crop residue inputs. Therefore, research is needed 
to maintain soil organic matter by increase plant residue inputs and reduce mineralization rates 
utilizing conservation tillage techniques and new cropping strategies. This necessarily includes 
better understanding of the impact of various cultivation techniques on soil microbe populations and 
competitiveness, and to determine how the effects of soil disturbance can be mitigated by actively 
managing the total microbial population. 

Sugarbeets are one of the most important irrigated crops in the NGP. Cercospora leaf spot (CLS), 
caused by Cercospora beticola is one of the major diseases of sugarbeets in the region. Severe 
disease pressure results in substantially reduced sugar content, and the need for increased 
pesticide applications can significantly reduce net farm income. However, the pathogen has 
developed resistance to a number of chemicals and others chemicals are being lost by new 
regulations. Traditionally, sugarbeet farmers rotate spring wheat with sugarbeet crops in a two-year 
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rotation. Newer crops (i.e., malting barley) are being added to the sugarbeet/wheat rotation. 
However, barley and wheat are both susceptible to Fusarium head blight (FHB) that reduces crop 
yield by causing the plant to reallocate resources and reducing grain quality (mycotoxin 
contamination). High humidity levels within the plant canopy are created by overhead irrigation that 
leads to increased incidence of both FHB and CLS. Thus, research is needed to develop methods 
of early detection and evaluate the potential of biocontrol in reducing both CLS and FHB. This could 
greatly reduce applications of pesticides, improve ecological sustainability, reduce production costs 
and help ensure a safe food supply.  

The Problem to be Solved by this proposal is the critical need for scientifically-based means to 
increase net farm productivity, maximize agricultural water use efficiency, minimize agrochemical 
use, improve water and soil resources and maintain a healthy food supply. The regional goals are 
to improve NGP farm productivity and profitability and to reduce constraints to the adoption of 
advanced farming practices (utilizing a multi-disciplinary systems approach) that are based on 
sound agronomic, soil and water, and pest control science. The regional benefits of this work are 
important because similar research results from other geographic areas are not always applicable 
in this distinct climatic and edaphic region (semi-arid climate, very cold winters, short growing 
season and low soil OM levels).  

The NP207 Action Plan states “balancing economic, environmental, and social demands requires 
a high degree of management skill and knowledge because every farm or ranch is a complex 
system of interacting components that exists in both a natural and socioeconomic environment.’ 
Cropping systems, agronomic management, water management, and pest ecology combined with 
spatial information sources and models are needed research areas to achieve that balance. 

The proposed research is Relevant to the Mission Statement of the NP207 Action Plan by 
developing scientific knowledge about agricultural systems by studying the biological, physical, and 
chemical interactions of the systems components. Combining interdisciplinary and multi-location 
research efforts will contribute to the development of comprehensive databases, information 
retrieval and analytical tools, and decision support systems needed to understand system functions 
and the economics of farm management. Specific NP207 outcomes of ASRU research include: 1) 
alternative pest control procedures that minimize production impacts and reduce agrochemical use, 
and 2) technologies that enhance the viability of existing agricultural and animal production systems 
and foster the development of new, more sustainable production practices. In particular, this 
research addresses the NP 207 goal to develop agricultural systems that emphasize conservation, 
protect soil and water resources, improve pest management, minimize ecological disturbance, and 
encourage biological diversity (see Appendix B for more detail).  

The proposed research directly addresses the Mission Statement of the NP201 (water quality) 
Action Plan to: “develop new and improved practices, technologies, and strategies to manage the 
Nation's agricultural water resources.” Specific expected outcomes of ARSU research related to the 
NP201 Action Plan include: 1.) Improved strategies that enhance and safeguard the quantity and 
quality of national water supplies, and 2.)  Development of sustainable agricultural systems that 
more efficiently use water resources, reduce the impacts of soil salinization, ground water depletion, 
and water contamination. It is important to note that research in this CRIS will also provide flexible, 
yet sustainable, management strategies that directly support the 202 (soil management), 303 
(plant diseases) and 304 (crop protection) National Programs. Explicit outcomes will include; 
information specific to the crop-soil-water interface, determining best management strategies that 
maintain high crop production potentials, reduced dependence on agrochemicals, reduced 
incidence of pest outbreaks, increased farming efficiency, conservation of water quantity and 
quality, and further definition of the important role soil microbes and other organisms play in 
maintaining and improving soil conditions.  

Potential Benefits to producers, action agencies, agro-industries and other stakeholders are 
systems that improve water use efficiency, reduce water and soil degradation, and advance the 
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long-term sustainability of irrigated and dryland agriculture in the NGP. Other benefits include; the 
reduction in economic and environmental costs (associated with the proper use of pesticides and 
fertilizers) and more efficient use of limited soil and water resources. The bottom line is the 
development of more profitable and environmentally friendly farming practices that maintain an 
affordable and safe food supply.  

Anticipated Products (next 3-5 yrs) from this research are the: 1) Initial development of 
biologically-based, sustainable weed and disease management strategies; 2) Initial development of 
soil and residue management practices for irrigated and dryland production that improve soil water 
retention and minimize the use and negative impacts of agrochemicals; 3) Initial development of 
sensor-based irrigation scheduling methods for enhanced management of self-propelled water 
application systems; 4) Development of low-cost and fast tests for quantifying soil-aggregating 
microorganisms, enzymes, polysaccharides and OM decomposition rates (part of the ARS National 
Soil Management Assessment Framework); 5) Development of fact sheets on improved tillage 
management techniques and alternative crop rotations that optimize soil health, soil biological 
diversity, biologically-based cropland weed control, residue management, water quality and net 
returns (technology transfer); 6) Extension outreach through participation in grower-directed, 
technology transfer activities (field days, grower meetings, etc.), and 7) Publishing scientific 
manuscripts documenting experimental findings in leading disciplinary journals.  

The Customers and Stakeholders of this research are irrigated and dryland producers, 
agricultural consultants, commodity organizations, scientists, and state and federal agencies (i.e. 
USDA-NRCS, Bureau of Indian Affairs (managing Native American farmlands), US EPA (BMPs), 
state departments of agriculture, land grant universities, and tribal colleges) that investigate, 
encourage, develop or manage production farming practices in the NGP. The general public will 
benefit through improved environmental quality and safer food supplies. A broad cross-section of 
regional agricultural interests comprises the NPARL customer focus group. This group reviews 
findings and provides guidance on emerging customer needs and future research directions.  

SCIENTIFIC BACKGROUND 

Cropping systems. The small grain summer fallow/dryland cropping system was originally 
developed to conserve water and nutrients in one year for use in the next. However, inefficiencies in 
storing water under fallow, development of effective chemical weed controls and increased use of 
nitrogen fertilizers have led to a reduction in summer fallow and a rise in continuous (without fallow) 
cropping in some areas. Over the past 25 to 30 years, research in the Great Plains has shown that 
the long-standing practice of alternating summer fallow with spring wheat production is inefficient in 
storing soil water (Greb, 1979; Greb et al., 1979), has caused the formation of saline seeps (Brown 
et al., 1983; Diebert et al., 1986), and promotes soil organic matter (OM) loss (Haas et al., 1957). 
Comparisons of wheat-fallow systems with more intense every year dryland rotations in the region 
have shown greater water-use-efficiencies and resulted in biological yield advantages over wheat-
fallow (Peterson et al., 1996; Anderson et al., 1999; Nielsen et al., 1999). Similar work has been 
done at Sidney (Aase and Reitz, 1989) with the stipulation that greater cropping intensity be 
accompanied by a reduction in tillage intensity to allow crop residues to remain on and below the 
soil surface. The introduction of minimum till or zero-till continuous cropping practices further 
conserves soil water, provides improved microenvironments for seedlings and soil biota, and 
increased precipitation use efficiencies. Weed management has always been an economic and 
environmental problem in agriculture, but control options are especially limited on low value crops 
(Farahani et al. 1998; Tanaka 1989).  

The use of integrated crop production systems (ICPS), with multiple alternative crop options and 
rotations, increases the biological diversity of crops and soils. This “biologically dynamic” approach 
is advantageous to overall production in both the central (Nielsen, 1998; Anderson et al., 1999) and 
northern Great Plains (Johnston et al., 2002; Aase and Pikul, 2000). Greater biological diversity in a 
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rotation disrupts pest cycles and promotes more efficient use of soil water and nutrients (Vigil et al., 
1997). Viable alternatives to small grains (within the context of crop rotations) include pulse and 
oilseed crops; however, specific research is needed to examine many of the crop interactions 
occurring within this context (Miller et al., 2002; Johnston et al., 2002). Successful design of 
rotations for the region requires an understanding of previous-crop water and nutrient use, and its 
effects on following crops (Nielsen and Anderson, 1993; Westfall et al., 1996). Tanaka et al (2002) 
presented a framework for “dynamic” cropping systems that utilizes a variety of soil and plant 
management practices (with a diversity of crop species) to reduce the risk of disease, weeds and 
insects. While these concepts were developed for dryland production systems, they should also 
apply to irrigated cropping systems. 

Weed Management. Each year herbicides are applied to over 90% of the major field crops in the 
USA, and atrazine alone is applied to approximately 70% of the US corn crop (USDA, 2000b). This 
constitutes a substantial production cost. Management of weeds in agriculture fields with herbicides 
is under intense public scrutiny because of their potential negative environmental effects (especially 
on water resources). Public safety and ecological concerns have resulted in the banning of some 
pesticides (Moffat, 2001). Herbicides, more than any other type of pesticide, are being found in 
water quality studies and atrazine is often the principal contaminant (USDA, 2000a). In addition, the 
development of pests resistant to herbicide controls such as resistance to acetolactate synthase 
(ALS) inhibitors is a major concern. ALS is the target site for 44 different herbicides within 5 
different chemical families (Mallory-Smith and Retzinger, 2003). In the MonDak area, ALS resistant 
kochia readily out competes seedling sugarbeets and other crops (Mesbah et al. 1994; Thompson 
et al. 1994; Weiner and Fishman, 1994). Other weeds such as green foxtail now have high levels of 
resistance to ALS inhibitors (Wolf et al. 2000) and other commonly used herbicides (Cranston et al. 
2001). Much is known about ALS resistance effects on kochia physiology, genetics and pollen flow 
(Dyer et al. 1993, Christoffoleti et al. 1997, Gutierri et al. 1992, Gutierri et al. 1995, Mengistu and 
Messersmith 2002, Stallings et al. 1995), but very little is known about the impact of ALS resistant 
weeds on sugarbeet production, which relies on a limited number of herbicides. Research has 
documented that ALS-resistant kochia seeds differ biochemically from non-ALS-susceptible seeds, 
with resistant accessions having elevated levels of branched chain amino acids (Dyer et al. 1993). 

Weed management is the highest cash expenditure in most dryland farm operations in the Northern 
Great Plains. Wheat-fallow systems under conventional tillage have significant problems with green 
foxtail (Spandl et al., 1999), wild oat (Lueschi et al., 2001), herbicide resistant kochia (Christoffoleti 
et al., 1997), and numerous other annual and perennial weeds (Thompson et al., 1994; Derksen et 
al., 2002). As farming systems become more complex (zero-tillage, diversification, intensification of 
crop rotations), herbicide options become fewer and less reliable, further complicating weed 
management (Anderson, 1999; Anderson et al., 1998).  

Weed management is also the single greatest impediment to the adoption of dryland conservation 
(low-till or no-till) farming systems in the MonDak and Great Plains regions (Vigil and Nielsen, 1998; 
Nielsen, 1998; Norwood, 1999). A crucial topic with minimum till integrated crop production systems 
(ICPS) is the evaluation of ecological relationships between the target crops and weeds as a base 
for developing ecologically safe (cultural and biological) and affordable weed control practices. 
Farming practices such as different planting dates (Spandl et al. 1999) and fertilization practices 
(Anderson et al., 1998; Blackshaw et al., 2003) can increase a crop’s ability to out compete weeds, 
increase water-use efficiency, and improve crop yield and quality.  

New, innovative and less problematic long-term solutions are being sought. One approach is to 
develop and integrate cultural and biological weed management options (Anderson, 1999; 
Blackshaw et al., 2003) into viable farming systems (Derksen et al., 2002) for the MonDak region. 
This will require an ecological understanding of weed/crop competition (including weed economic 
thresholds) and biologically based integrated pest management (BIPM.) However, much of this 
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work is still in the developmental stages (Holtzer et al 1996; Derksen, et al., 2002). Recent research 
stresses crop cultural management and crop diversity as important components in controlling 
weeds (Derksen, et al., 2002). Additional studies have shown three or more crop cultural practices 
(e.g. seeding rate, modified row spacing, and crop variety selection), when used together, can 
greatly assist in controlling weeds and reducing herbicide use (Anderson, 1999; Anderson, 2000; 
Anderson et al., 1998; Nielsen and Anderson, 1993; Westfall et al., 1996; Tanaka et al., 2002). 

A limited amount of research has focused on the soil weed seedbank and its response to different 
management strategies. Research has established that weed seedbanks are influenced by crop 
rotation (Entz et al. 1995; Kegode et al. 1999) and tillage system (Webster et al. 2003). Proper soil 
management can be used to increase the percentage of weed seeds that germinate and decrease 
the time period of weed emergence (Larson et al. 1958; von Polgár 1984, as cited in Hokansson 
2003), thus reducing the number of times herbicides need to be applied and the timeframe (years) 
needed to effectively control many annual weeds. New soil/seed sampling approaches are now 
available that make it possible to process sufficient samples to determine the influence of ICPS on 
weed seedbanks and monitor weed population dynamics (Derksen et al 1998). These tools 
increase our understanding of soil seedbank dynamics, which in turn aids in the development of 
farming practices capable of controlling weeds without a disproportionate reliance on pesticides. 

Irrigation Management. Over the past 50 years, the goal of center pivot and linear move irrigation 
design engineers has been to have the most uniform water application depths possible along the 
entire length of the lateral pipe, and they have been relatively successful. However, the terrain 
under these types of irrigation systems is often quite variable, causing system pressure (and water 
distribution) fluctuations along the lateral pipeline. Intermittent end gun operations also cause 
system pressure fluctuations that result in uneven water applications. While engineering solutions 
such as flow control nozzles or pressure regulators at each head have somewhat helped this 
situation, they are still not able to fully compensate for the effects of system pressure changes 
(Evans et al., 1995; James, 1982; and Duke et al., 1997, 2000). These factors not only affect the 
amount of water applied to a given area within the field, but they also greatly compound 
environmental risk when applying agrochemicals through the irrigation system. If fertigation is used, 
or if the water supply contains significant nutrients, the nutrient distribution will also not be uniform 
(Evans et al., 1995; Duke et al., 2000).  
In addition, soils are heterogeneous (chemically & physically) and water-holding capacities are not 
uniform across fields (Burden and Selim, 1989; Agbu and Olson, 1990; McBratney and Webster, 
1983; Han et al., 1993). Consequently, even with relatively uniform applications, surface runoff or 
ponding can occur at the lower elevations within a field. Shallow subsurface water transport along 
soil compaction layers and within-field surface runoff from higher elevations also contribute to saline 
seeps, nutrient leaching, and soil erosion (Han et al., 1996a, 1996b; Howell et al., 1995; Suddeth et 
al., 1996). The net result of these factors is a considerable variation in yield and agrochemical 
leaching across the field as well as reduced crop quality and higher pumping costs for unneeded 
water (Evans and Han, 1994; Han et al., 1995; Mulla et al., 1996; Mallawatantri and Mulla, 1996). 

One possible solution is the development of site-specific irrigation technologies that can 
compensate for changing system pressures, heterogeneous soils and variable topography by 
applying water much more precisely to specific areas of a field. Center pivot and linear move 
irrigation systems are particularly amenable to site-specific approaches because of their current 
level of automation and the large area covered by a single lateral pipe. These types of irrigation 
systems provide a high level of water control and can also serve as a sensor platform for real-time 
water applications. Automated, real-time irrigation technologies also make variable rate 
agrichemical and water applications possible. Several innovative technologies have been 
developed to variably apply irrigation water for whole field management under self-propelled 
systems. Most of these approaches use standard, off-the-shelf components with the research effort 
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directed towards developing appropriate control algorithms (Roth and Gardner, 1989; McCann et 
al., 1997; King and Wall, 1997; Camp et al., 1996; Sadler et al., 1996; King and Kincaid, 1996; 
Fraisse et al., 1992; Evans et al., 1996a; Duke et al., 1998; Harting 1999). Anticipated benefits of 
these systems are many including the ability for an irrigator to meet the specific needs of a crop in 
each unique zone within a field, which can optimize crop yield, crop quality, and maintain 
environmental health (water conservation and reduced agrichemical use) while reducing costs. 

Nutrient Management. Nitrogen management is a major factor in the quality of sugarbeets and 
small grains. However, the potential benefits of this relatively inexpensive amendment to the crop 
can result in excessive applications. The mobility of the NO3-N ion through the soil and the large 
amount of N fertilizer used makes nitrogen management particularly problematic (Smika et al., 
1977). To avoid the risk of yield reduction, farmers may over-irrigate and over-fertilize their crops. 
However, the risk of contaminating surface and subsurface water resources greatly increases under 
this type of management. Emerging site-specific (variable rate) fertilization technologies can 
potentially reduce the excess use of fertilizers while maintaining crop production. Thus, controlling 
surface applications and minimizing water and agrochemical loss below the crop root zone are the 
most cost-effective methods of ground water protection (Hergert, 1986; Ritter, 1986; Power and 
Schepers, 1989; Fletcher, 1991; Watts et al., 2000). 

Sensing Plant and Soil Status. Crop water use is soils and region specific and the spatial 
distribution of water across a field is the primary limiting factor to crop quality and yield in the NGP. 
Remote sensing (RM) techniques can provide a wide variety of information concerning the spatial 
and temporal variability of plant water and nutrient status. Remotely derived vegetation indices have 
been used for many management applications because they correlate well with green biomass and 
leaf area. These indices are often used as indicators of plant health and vigor; however, they lack 
the diagnostic capability for identifying particular types of stress (Pinter et al. 2003). Spectral 
indicators of crop development and canopy size available through vegetation indices can be used 
as input or as feedback to weather- and process-driven plant models (Wiegand et al., 1986). 
Jackson et al. (1980) showed similarities between the mean crop water use coefficient (Kco) for 
small grain and the ratio of the perpendicular vegetation index (PVI) of wheat to the PVI of wheat at 
full canopy cover. Heilman et al. (1982) developed relationships between the Kco for alfalfa and 
percent canopy cover and between the PVI and percent canopy cover to infer the Kco for alfalfa from 
spectral estimates of canopy cover. Bausch and Neale (1987) and Neale et al. (1989) developed 
reflectance-based crop coefficients for corn based on the normalized difference vegetation index 
(NDVI). The NDVI appears sensitive to crop growth anomalies, hail damage, and stress caused by 
water, disease, insects, and nutrients. Several approaches have shown good relationships between 
ground and aerial sensor data and field nutrients, such as nitrogen (Schepers et al., 1992; 1996; 
Blackmer et al., 1993; 1994; 1996a; 1996b; Blackmer and Schepers, 1996). However, the 
integration of traditional RM data with stationary and/or mobile field based sensor systems with 
computer models and controls for real time management is lacking. Other potential management 
contributions resulting from RM data include salinity stress, nutrient and pest management, and 
yield prediction (Wiegand et al., 1996; Yang and Anderson 2000; Richardson et al., 1996). 

Soil Quality, Soil Structure and Nutrient Cycling. Soil structure and aggregation are important to 
plant growth and production. Various microbes play an important role in the formation and 
maintenance of soil structure (Lynch and Bragg, 1985). Microflora, in particular fungi, contribute 
directly to the formation and stabilization of soil aggregates through hyphal entanglement of soil 
particles and deposition of extracellular polysaccharides that bind soil particles together (Tisdall, 
1991). In general, studies of the role of fungi in soil structure have been few, mainly because of the 
perceived difficulty of analysis. However, new immunoassay techniques are now available that can 
identify microbes at the order, genus, and even species level (Caesar-TonThat et al., 2001).  

Soil OM (soil organic C and N concentrations) is a key indicator of soil quality and productivity 
because of its favorable effects on soil physical, chemical, and biological properties (Bauer and 
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Black, 1994; Doran and Parkin, 1994; Low, 1972; Tisdall and Oades, 1982; Dormarr, 1983; Gupta 
and Germida, 1988; Elliot, 1986). It plays critical roles on nutrient cycling, water retention, root 
growth (Sainju and Kalisz, 1990; Sainju and Good, 1993), erosion control, plant productivity, and 
environmental quality. Consequently, plant growth will be diminished when improper cultivation 
practices decrease pore space, reduce size distributions of water stable aggregates (WSA), 
soil/root hair contact and increasing soil bulk densities (Wienhold and Halvorson, 1998). Mollisol 
soils (mostly Typic Argiborolls), common to the MonDak region, are easily compacted at medium to 
high moisture contents, further degrading soil structure. Increasing soil OM also helps reduce the 
deleterious effects of global warming by sequestering atmospheric CO2 and some other 
greenhouse gasses (Lal and Kimble, 1997; Paustian et al., 1997). 

Tillage practices can negatively impact both the physical structure and microbial components of the 
soil, and reduces soil organic C and N by increasing residue degradation, disrupting soil 
aggregation, and increasing aeration (Dalal and Mayer, 1986; Balesdent et al., 1990; Cambardella 
and Elliott, 1993). Similarly, fallowing reduces organic C and N by not replacing organic matter lost 
by mineralization through crop residue addition (Grant, 1997). In contrast, practices that reduce 
residue incorporation and aggregate degradation, such as no-till or strip tillage, may conserve 
and/or maintain soil organic C and N (Doran, 1987; Havlin et al., 1990; Franzluebbers et al., 1995b) 
and increase microbial biomass (Linn and Doran, 1984; Gupta and Germida, 1988; Havlin et al., 
1990; Drury et al., 1991, Caesar-TonThat et al. 2001). Higher cropping intensity minimizes OM loss 
by sustaining annual residue returns to the soil (Sherrod et al., 2003). Holland and Coleman (1987) 
also reported that aggregation resulting from fungal hyphae was more easily established in soils 
that were minimally disturbed, and that fungi generally dominate in soils under reduced tillage.  

Recovery of desirable soil structure (indicated by size distributions of WSA) under no-till may take 
as long as 50 years or more (Tisdall and Oades, 1980; Dormarr and Smoliak, 1985). Changes in 
soil organic C and N as a result of management practices occur slowly because of their large pool 
size and inherent spatial variability (Franzluebbers et al., 1995a; Salinas-Garcia et al., 1997). In 
contrast, active fractions of soil organic C and N, including potential C and N mineralization (PCM 
and PNM) and microbial biomass C and N (MBC and MBN) are indicators of microbial activity, N 
mineralization potentials, and inorganic N. However, these vary seasonally due to changes in plant 
residue amounts, management practices (Franzluebbers et al., 1995a; Salinas-Garcia et al., 1997), 
rhizodeposition of organic materials from roots (Buyanovsky et al., 1986), and seasonal changes in 
soil moisture and temperature (Kaiser and Heinemeyer, 1993). Similarly, particulate organic C and 
N (POC and PON) fractions are regarded as intermediate pools of soil organic C and N (Beare et 
al., 1994; Franzluebbers et al., 1999). These fractions have been identified as early indicators of 
changes in soil organic C and N levels that influence soil aggregation and nutrient dynamics in the 
soil (Franzluebbers et al., 1995a; 1995b; Salinas-Garcia et al., 1997; Six et al., 1999).  

There is considerable evidence supporting the involvement of polysaccharides in soil aggregation 
(Clapp and Emerson, 1965; Cheshire et al. 1983; Martin, 1945; Robert and Chenu 1992; Clapp et 
al. 1962; Tisdal and Oades, 1982; Angers and Mehuys, 1999; Haynes and Francis, 1993). Wright 
and Upadhyaya (1998) isolated a glycoprotein, produced by Glomales (phylum Zygomyceta 
[vascular arbuscular mycorrhizal fungi]), which is highly correlated with soil aggregate stability. 
However, these obligate fungi cannot be cultured in the laboratory because their survival depends 
on the photosynthetically derived carbon provided by their specific host plants. Thus, it is also 
important to investigate the very large populations of non-obligate fungi (easily propagated in the 
laboratory) for their role in soil formation and aggregation and to help understand the mechanisms 
by which these fungi help bind or aggregate soil particles. 

Polysaccharides that contain uronic acid groups (primary carboxyl [COOH]) have ion-exchange 
properties that, when in the presence of di- or trivalent cations, play an important role in binding clay 
particles into aggregates (Martin, 1971; Chenu, 1993). Extracellular polyuronic acids are produced 
by plants (Vermeer and McCully, 1982; Watt et al. 1993), bacteria (Clapp et al. 1962; Griffiths and 
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Burns 1972; Chenu 1989; Molope et al. 1987; Robertson et al. 1991; Robertson and Firestone, 
1992; Skvortsov and Ignatov, 1998), and fungi (Tisdall, 1991; Singleton et al. 1990; Caesar-
TonThat, 2002.). Using electron microscopy and staining of soil fabrics, Foster (1981) found that 
polysaccharides coat clay platelets and occur in crevices of submicron size within mineral 
aggregates, which helps explain how microbial polysaccharides stabilize clay aggregates.  

Limited studies have shown that long-term tillage reduces soil carbohydrate content and impacts 
soil structure (Cheshire et al. 1984; Robertson et al. 1991; Puget et al. 1994; Dormaar, 1984; Hu et 
al. 1995; Beare et al. 1997; Murayama, 1984; Schlecht-Pietsch et al. 1994). There are few reports 
on the effects of different agricultural management practices on uronic acids used in soil 
aggregation. Lately, Kiem and Kogel-Knabner (2003) found that soil aggregates (200-250 um) from 
two different sites contained less galacturonic acids under conventional management with fertilizers 
than management without fertilizers. We believe that many of the complex biological, chemical, and 
physical processes involved in soil aggregation can be deduced by understanding the dynamics of 
the acidic polysaccharides. Furthermore, uronic acids can be easily measured, and should provide 
a reliable indicator of soil health once we understand the relationships between uronic acids and 
soil aggregating microorganisms (Caesar-TonThat et al. 2001), glomalin (Wright and Upadhyaya, 
1998) and soil OM content.  

Biotic and abiotic N dynamics are influenced by residue quality (e.g., C/N ratios), residue placement 
depth (e.g., surface vs buried), and various climatic and soil environmental factors (i.e. temperature, 
clay content and pH) (Barrett et al. 2002). Plant and microbial enzymes also play a key role in soil 
nutrient cycling (Kiss et. al. 1975; Ladd, 1978; Bahl and Agrawal, 1972; Tabatabai, 1994). 
Enzymes, primarily produced by microbes, accumulate in the soil as they are released from living 
cells, disintegrated cells and enzymes bound to cellular constituents (Kiss et al., 1975). Several 
studies have been published on the potential use of enzyme activity as an index of soil productivity 
or microbial activity (Weaver et al. 1994; Dick et al. 1996) and as indicators of soil condition 
(Monreal and Bergstrom, 2000; Kandeler et al., 1999; Tscherko and Kandeler, 1999, Gupta et al., 
1988; Klein and Koths, 1980). Additional research is needed to understand the complex interactions 
between enzymes and the surrounding plant and soil material in order to develop meaningful 
indicators of microbial status and soil physico-chemical condition (AKA: soil quality). 

Plant Pathology. Chemical control remains the primary avenue for managing plant diseases. In 
1979, Sharvelle reported that $60 billion of the world’s 1974 food supply was lost to diseases, 
weeds and insects. More recently, Wrather et al. (2001) estimated that in 1998 ten countries 
(producing 97.6% of the world’s soybean crop) lost 28.5 M tons (U.S. $6.29 trillion) due to plant 
diseases. However, many plant pathogens have developed resistance to pesticides. In addition, 
some effective chemicals (e.g. methyl bromide) are being banned due to health and environmental 
concerns (Moffat, 2001). The need for effective pest control is critical to modern crop production; 
however, new methods must be developed that conform to current socio-ecological guiding 
principles. Long before the advent of chemical controls, plant diseases and other pests were 
managed by crop rotations, plant diversity, livestock use, and other cultural practices (Sharvelle, 
1979). Much of this once common knowledge has been lost to growers because of the changed 
emphasis to crop monocultures and a heavy reliance on chemicals. However, current trends and 
environmental regulations indicate that research must re-examine, remodel and reintroduce some 
old concepts into modern alternative pest management strategies (minimal chemical use) that use 
crop diversity, cultural, improved water management and other biologically-based technologies to 
better manage diseases and other pests.  

Cercospora leaf spot (CLS) disease caused by the fungal organism Cercospora beticola Sacc., is 
one of the most important diseases of sugarbeets (Beta vulgaris L.). The disease has been reported 
wherever sugarbeets are grown (Bleiholder and Welzien. 1972) and results in significant losses of 
root biomass and sucrose content (Smith and Ruppel, 1973; Shane and Teng, 1992). Smith and 
Ruppel (1973) graded CLS disease severity on a scale ranging from one (low) to ten (high). Their 
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findings indicated that a severity level as low as 3 could result in sugar losses of as much as 30%. 
Recent research by ASRU scientists has shown that laccase enzymes, produced by some bacteria 
and tricoderma and basidiomycetes fungi, detoxify cercosporin (toxin produced by C. beticola) and 
allows the C. beticola pathogen to be attacked by various biological agents (Caesar-TonThat et al., 
unpublished, 2003.) This finding opens the door to several new biological approaches for the 
control of C. beticola and as well as many other plant pathogens. Research at other laboratories 
(e.g., ARS, Fargo, ND and MSU, Bozeman, MT) has focused on identifying and understanding how 
to genetically introduce host-plant cercosporin resistance into sugarbeet. However, no research is 
evaluating the use of cercosporin resistant antagonists for CLS control. 

Severe incidences of CLS disease often require multiple applications using different fungicides to 
prevent large economic loss even when sound crop rotation practices are used. The current lack of 
effective cultural control methods suggests that other, yet-to-be-identified secondary hosts (e.g., 
other crops and weeds) can sustain C. beticola populations for many years. Several plants (e.g., 
Beta spp. including red garden beet, Swiss Chard and mangel-wurzel) have been identified as 
secondary hosts of C. beticola. Several weeds are also known hosts of C. beticola including 
Chenopodium album L, Amaranthus retroflexus L, Malva rotundifolia L, Plantago major L, Arctium 
lappa L and Lactuca sativa L (Vestal, 1933). Other common weeds such as mallow, bindweed, 
winged pigweed, wild buckwheat, and the common unicorn flower have also been named as 
alternate hosts. ASRU scientists have recently identified safflower, a widely grown dryland crop in 
the NGP, as an alternate host (Lartey, unpublished, 2003) of C. beticola. Clearly, these host plants 
can serve as an inoculum reservoir that maintains the organism through long periods, even when 
sugarbeets are not planted. Therefore area wide weed control and cropping programs may play a 
major part of long-term CLS management strategies.  

As noted, spring wheat (durum) has been traditionally rotated with sugarbeets in the MonDak 
region. Recently, there has been a large increase in malting barley (replacing wheat in the rotation). 
However, both barley and wheat are susceptible to Fusarium head blight (FHB), a major threat to 
small grains around the world. Incidence of FHB reduces crop yield by limiting the plants 
photosynthetic capability and lowers grain quality by fungal mycotoxin contamination. Several 
Fusarium species cause FHB, but in North America, F. graminearum Schwabe (teleomorph 
Gibberella zeae (Schwein) Petch: synonym = G. saubinetti) are the predominant species (McMullen 
et al., 1997). High humidity levels within the plant canopy can increase incidence of FHB, and 
biological control options are a high priority for producers using overhead irrigation.  

CSREES-CRIS SEARCH. A search of the CSREES-CRIS system using keywords of cropping 
systems, irrigation, dryland, water use, spatial variability, soil water, soil quality, water quality, weed 
ecology, no-till, IPM, integrated pest management, precision farming and precision agriculture 
showed that 83 different projects dealt with one or more of these topics. Inclusion of irrigation and 
dryland as keywords added 31 more. However, only the most pertinent programs are listed below. 

A holistic approach to irrigated and dryland cropping systems is being pursued by the ASRU team 
and we are collaborating with colleagues at Montana State University (MSU) -Sidney (Bergman and 
Flynn) and North Dakota State University (NDSU) -Williston (Bergman and Staricka). A limited 
number of other projects are in process that use a holistic approach, including: Dryland Cropping 
Systems Management for the Central Great Plains (Vigil et al.); Diverse Cropping Systems for the 
Northern Great Plains (Krupinsky et al.); Integrated Forage, Crop, and Livestock Systems for 
Northern Great Plains (Hanson et al.); Agricultural Practice Studies with Emphasis on Soil Tillage 
(Keisling); Integrated Management Technologies for Sustainable Irrigated Cropping Systems (Alva 
et al.); Sustainable Crop and Soil Management Systems for Dryland Pacific Northwest Agriculture 
(Albrecht et al.); and, Soil Management Systems for the Responsible Use of Natural Resources 
(Busscher et al.). As can be seen, several locations in the High Plains are investigating agricultural 
systems that include tillage, rotations, crop densities and row spacing alternatives that respond to 
the length of growing season, crop water use demands, and soils particular to their regions.  
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A large number of projects are developing management zones and strategies for site-specific crop 
management, including: Spatial and Temporal Management of Irrigation, Fertilizer, and Pesticides 
to Conserve Water and Protect Water Quality. (Heermann et al.); Irrigation methods, Technology 
and management for increased water use efficiency (Evett et al.); Optimizing Irrigation Management 
for Humid Climates (Saddler et al.); Water Management and Quality for Improved Agricultural 
Ecosystems in Humid Regions (Florence, SC); Managing Crop Production in Semi-Arid Climates 
with Variable Water Sources and Amounts (Wanjura et al.); Site-Specific Nutrient Management 
Strategies for Irrigated and Non-irrigated Maize (Ferguson); Improving Fertilizer Management and 
Recommendations for Precision Agriculture (Hergert); Developing Site Specific Approaches for 
Crop Nutrient Management in Irrigated Agricultural Systems (Davenport et al.); Optimizing Nitrogen 
Management for Corn (Blackmer); Site- and Time-Specific Crop, Tillage, and Weed Management 
for Sustainable Agroecosystems (Hatfield and Colvin); and, Site-Specific Fertilizer 
Recommendation Methods to Improve Nutrient Utilization (Kitchen et al.). These studies are mostly 
directed towards rainfed agriculture, but there are a few directed at irrigated crop production. Work 
related to specific aspects of ASRU research is also being done in Europe and Australia. 

Applicable ecologically-based weed and disease management studies include: Precision weed 
management in dryland agricultural production in eastern and central Washington: (Yenish et al.); 
Reducing herbicide use through site specific weed management (Wilkerson and Coble); Why weed 
patches persist: Dynamics of edges and density (Mortensen and Dieleman); Development of site-
specific weed control system (Medin); Sustainable agricultural systems based on ecological 
principles of crop, weed and insect pest management (Riedell et al.); Weed Biology and Ecology 
and Development of Sustainable Integrated Weed Management Systems for Cotton, Soybean, and 
Corn (Reddy); Crop and Weed Biology and Management in Short-Season/High-Stress 
Environments (Forcella); The Genetics of Pathogen-Barley Interactions (Edwards); Nonchemical 
Pest Control and Enhanced Sugarbeet Germplasm Via Traditional & Molecular Technologies 
(Panella and Hanson); Genetics, Population Biology, Management and Host Response Gene 
Expression to Fusarium Head Blight of Cereals (Kistler et al.); Biocontrol of Cercospora Leaf Spot 
with Bacillus subtilis. (Jacobson); and, Role of Cercosporin in Cercospora Pathogenesis (Daub). 
The proposed, complementary ASRU project will build on the concepts of others and adapt the 
appropriate ideas to study in our specific environment.  

Remote sensing is an important tool to the future of users adopting site-specific management, and 
ARS programs at Ft Collins, CO, Phoenix, AZ and Lincoln, NE are investigating these issues. There 
are also several projects developing sensors and evaluating tools for site-specific irrigation and 
nutrient management. The following projects are developing new tools, evaluation techniques and 
approaches that we can field test in our research: Integration of new technologies for improved 
water management (King); Closed-Loop Precision Irrigation for Improved Water Management (King 
et al.); Variable Rate Sprinkler for Improved Irrigation and Chemigation Management (Wood et al); 
Cropping Systems & Sensing Technology Integration for Sustainable Site-Specific Management 
(Sudduth et al.); Precision Agricultural Chemical Application Technologies (Miles); Development 
and Analysis of Machine Systems in Precision Agriculture (Ess); and, Variability in Metering 
Devices Used in Site Specific Crop Management Schemes (Bashford). 

We are quite familiar with the work being done in each of the above programs and believe the work 
is complementary. We will be following their results, and work collaboratively whenever possible 
with these researchers to maximize resources and develop results applicable across the NGP. 

APPROACH AND RESEARCH PROCEDURES 
This CRIS involves eight scientists and many collaborators that represent a very broad range of 
disciplines focused on the long-term goal (10-12 yrs) of developing crop production methods and 
strategies for economical, sustainable farming enterprises in the NGP. Most of the ASRU scientists 
are relatively new to their positions (only one has been at NPARL for more than 4 years) and much 
of this work is just beginning. The primary thrust during the next four years (the duration of this 
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proposal) will necessarily be on the establishment and initial assessments of these selected 
integrated crop production systems.  

The ASRU is organized into three overlapping, flexible research teams focusing on 1) the Ecology; 
soil, water, and crop, 2) Management; and, 3) the Environmental impacts related to specific long-
term dryland and irrigated crop rotations (see Figure 1, p 31). The focus of this research is on: 1) 
improved management of pests, water and nutrients to increase net profitability, and 2) assessing 
the impacts of integrated cultural practices and cropping rotations on soil and water quality 
conservation and pest ecology. We are proposing to use pre-selected, diverse integrated crop 
production systems (ICPS) that are potentially acceptable rotations to growers (as per our focus 
group) using ecologically based cultural operations, management and crop rotations. Figure A-1 in 
Appendix A is a map showing the various research locations. These biologically dynamic cropping 
systems are expected to evolve over the life of the program as a result of research findings and 
grower input. We recognize that research must demonstrate the distinct socio-economic and 
ecological benefits of the intensive ICPS before farmers are likely to adopt any new management 
approaches. Most of the hypothesis presented below cover both dryland and irrigated systems. This 
research covers a range of common soil types and agronomic practices tested under both plot and 
field conditions. Each ASRU scientist also has supporting, individual short-term projects. Soil water 
probes will be gravimetrically and volumetrically calibrated using field samples and references. All 
primary field projects will have an ACCESS relational database established where each team 
member can enter their data and experimental notes which will include: crop, yields, crop quality 
parameters, soil properties with depth (e.g., CEC, pH, SOM, POM, total N, C, P, K, Ca, Mg, Na, 
HCO3, CO3, soil texture), sample and field electrical conductivity (EC), hyperspectral data, soil 
microbial biomass, selected soil fauna populations, weed/pest species/populations, soil 
water/nutrient/disease status, microclimate data, field/plot aspect & slope, global positioning system 
(GPS) coordinates, etc. These databases will be used with models and geographic information 
system (GIS) applications to enable comparisons between research sites, link remotely sensed and 
other data to collaborative modeling work, assist extrapolation of findings to other areas, facilitate 
team research and data exchange, enhance synthesis of diverse data, and help identify and 
formulate new research hypotheses. ArcInfo/ArcMap will be used as one means to integrate the 
diverse spatial coverage and point data, and will serve as one medium to help evaluate of potential 
cultural, fertilizer and pest management alternatives. During the cropping season, ASRU scientists 
and 9 technicians will hold weekly meetings to coordinate field data collection activities and keeping 
others apprised of their activities and progress (otherwise similar meetings will be monthly.) 
Automated measurements will be used as much as possible for routine measurements (e.g., 
microclimate, soil water), but will be supported by periodic manual readings. Progress will be 
reviewed by examining the results in formal and informal quarterly reviews. In addition, we need to 
be able to accommodate our partners in expanding cooperative research and to provide more 
synergistic opportunities. Additional grant funds that become available to ASRU scientists and 
partners will provide opportunities to expand our efforts in the search for appropriate technologies 
and strategies. Experiments and hypotheses may be modified to accommodate new technologies, 
criticisms, and unexpected results. Specific studies may be adjusted based on feedback from our 
focus group, cooperating farmers, action agencies, peer reviews, university partners and industry. 
This approach will provide flexibility in our efforts to identify and research appropriate technologies 
for crop production, water conservation, reducing energy expenditures, and improving water quality. 
As noted earlier, three scientists, new to ARS, have just been added to the ASRU and there has 
been little opportunity to solicit their input and incorporate their research expertise into this proposal. 
Dr. Lenssen (weed ecologist) reported December 29, 2003, Dr. Waddell (soil chemistry) arrived 
January 12, 2004, and Dr. Sainju (soil management) came on board March 8, 2004. General 
aspects of their proposed research are included in this document; however, more detail on specific 
approaches and procedures will be developed after they become established at the laboratory. We 
are also adding two more scientists in the fall of 2004 (agronomist and an agricultural engineer/soil 
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physicist) to work primarily on irrigated crop production issues, and their contributions will greatly 
enhance all the cropping systems and water quality efforts that are outlined in this proposal. 

Objective 1: To develop diverse irrigated and dryland cropping strategies and technologies that 
increase farm profitability, productivity and soil and water quality while maximizing agrochemical, 
water and nutrient use efficiencies. Hypothesis 1a:  Integration of advanced tillage, water, soil, 
biologically-based weed and disease management, diverse crop rotations and improved 
ecologically-based cultural practices and strategies can increase yields; increase soil and crop 
quality; 1a-1: Integrated nutrient, water and IPM systems can be developed that improve crop 
quality (e.g., sugar content, protein levels) and increase yields of NGP irrigated and dryland 
agriculture; 1a-2: Conservation tillage and increased cropping intensity will improve soil quality and 
productivity by increasing organic matter content (soil organic C and N, POC, and PON), microbial 
activities (PCM and MBC), and N mineralization (PNM, MBN, NH4, and NO3); Hypothesis 1b: 
Ecological and minimum tillage ICPS will increase the abundance of microbial population functional 
units, soil enzymatic activity and polysaccharide production; 1b-1: Populations of specific soil 
aggregating basidiomycete fungi are increased by minimum tillage treatments and diverse rotations; 
1b-2: Polysaccharides (i.e., uronic acids) play a major role in soil aggregation; 1b-3: Minimum 
tillage and ecological ICPS increase invertase and xylanase and indirectly influence soil 
aggregation; 1b-4: Conversion of no till dryland to minimum till irrigated ICPS will decrease 
bacidiomycetes and increase bacterial diversity. Hypothesis 1c: The adoption of biologically 
dynamic pest management practices will reduce farm inputs and increase ecological sustainability. 
1c-1: Cultural and other management strategies to biologically reduce weeds that serve as 
alternative hosts for pathogens can reduce pesticide inputs for other crops; 1c-2: Biologically-based 
IPM weed control at the farm and area level reduces area-wide crop disease incidence by removing 
or controlling alternate hosts of pathogens. 

Experimental Design: Adequate fertilizer and micronutrients will be applied to meet pre-selected 
yield goals for each dryland and irrigated crop based on established MSU and NDSU guidelines 
although sugarbeets will follow the local sugar company’s suggestions. Soil fertility samples will be 
taken in the fall (for the upcoming field season) and analyzed by both our own and/or approved 
commercial laboratories. Management practices will be analyzed for nitrogen use efficiency (grain 
or total biomass produced per unit of fertilizer N applied) and water use efficiency (grain or biomass 
produced per unit of water).  

Dryland Systems Research. The main subobjective of this research is to determine, under dryland 
conditions, the impact of tillage, crop rotations and cultural management on crop yield and quality, 
soil quality, soil water use efficiency, nitrogen use efficiency, and weed competitiveness. (Dr Sainju 
will have primary responsibility for coordinating the dryland cropping systems program.) This work 
will focus on: 1) minimum till, and 2) continuous (every year) cropping. It will include quantifying the 
effects of selected farming and cultural management practices, soil management, crop diversity, 
and increased cropping intensity on the stability and sustainability of dryland agroecosystems. 
Collaborative dryland research, focusing on intensive small grain sequences will include 120 
replicated plots at: 1) the Culbertson-Froid Farm (loamy soil) starting 2005; 2) the Rasmussen site 
(clay loam soil) starting 2004, and 3) on selected grower cooperators’ fields (common dryland soils) 
later in the program (See Appendix A: Tables 1& 2). 

Conventional farming practices in the MonDak Region include tillage with disk or sweep plow, 
preplant broadcast of nitrogen fertilizer, seeding at rates that allow for substantial tillering by cereals 
or branching by broadleaf crops, and application of pre- and/or post-emergence herbicides 
regardless of weed pressure. A “diverse” cropping strategy is defined as a crop rotation that is at 
least 4 years in length and includes various grasses and broadleaf crops with different growth 
habits such as cool- and warm-season production and rooting patterns. “Ecologically-based” 
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farming practices depend on the position of a particular crop within each rotation. These include a 
reduction or elimination of tillage, banding of fertilizer blends at planting, planting at higher rates and 
decreasing row spacing to increase crop competitiveness shortly after emergence, delayed planting 
until after the first flush of weeds has emerged (and can be killed by a pre-plant herbicides or 
tillage), alternating planting times from year-to-year to attach different weed species, monitoring 
weed species and densities, spring vs after-harvest weed chemical burndown (e.g., Roundup®). 
The ecological treatments will also leave higher wheat stubble (e.g., 20-30 cm to catch more snow) 
with all the straw left in the field, whereas the conventional wheat will leave shorter stubble (6-8 cm) 
and the straw baled and removed (a common practice to increase short-term net economic returns.) 

Crops included in the dryland ICPS will consider potential markets (grower acceptance), weather 
patterns, equipment needs, fertility requirements, and pesticide use (throughout the rotation 
sequence). Crop water requirements and rooting depth, which influence water and nutrient levels 
throughout the soil profile, are also important considerations when choosing crops for ICPS and 
their proper placement in the rotation. This ICPS research is a fundamental departure from current 
“conventional” crop management systems in the area. Typical grower cultural practice in the area 
includes broadcasting fertilizer, nominal seeding rates, and wide (e.g., 30 cm) row spacing. 
Conventional tillage by growers includes shallow wide sweeps with a rod or tandem disking with a 
harrow to firm the seedbed before planting. Alternating summer fallow with wheat is still practiced 
by more than 50% of the area’s growers. Totally no-till farming is still uncommon. 

Cultural Practices (Sainju, Lenssen, Waddell, Caesar-TonThat, vacant Ag Engineer): The combined 
effects of crop diversity and increased intensity (e.g., continuous cropping), cultural practices, crop 
rotations and soil water management on diseases and weed populations as well as soil and water 
quality will be evaluated. Replicated plot studies will be established in an RCBD (4 reps) in 2004 at 
the Rasmussen Farm and the Culbertson-Froid site (see Appendix A, Tables 1& 2) to evaluate the 
relative impact of diversified, intensive crop rotations and management on production and soil 
health. The four rotational treatments (e.g., row spacing, fertilizer placement, planting times and 
seeding rates) at both dryland sites will be split to compare both conventional tillage and no-till. We 
are using wide sweeps with a rod packer as conventional tillage. Tilled continuous spring wheat will 
be the control. All crops except corn will be planted in rows spaced 20 cm apart, using a custom-
built plot seeder/grain drill, which will have the capability of banding fertilizer below and offset from 
the seedbed on both till and no till. Corn will be planted using a modified JD 750 no-till planter in 
rows either 60 cm (ecological) or 90 cm (conventional) apart. All tillage will be in the spring. 

Weed ecology research (Lenssen and other regional researchers) will include weed and weed 
seedbank composition and densities, ecology and biology in several dryland crop rotation studies 
as well as independent and collaborative field and greenhouse trials with scientists in soil 
management (Sainju), soil fertility (Waddell), soil microbiology (Caesar-TonThat), plant pathology 
(Lartey), and entomology (Blodgett/O’Neill). Research will investigate a number of cultural weed 
management options relevant to diversified zero-tillage, dryland systems, including planting date, 
fertilization methods and levels, rolling to increase weed germination to lower seed banks, 
incorporation of non-sprayed annual forages, and grazing livestock (in collaboration with growers) 
during fallow periods. Data collected from these studies will include weed species identification, 
composition, densities, distribution and biomass at the key life stages of crop. This information will 
be compared with crop yield and quality, soil water use, soil quality, and changes in the relative 
abundance of weed populations. Results from these smaller, shorter-term (2-3 years only) studies 
will be used to improve weed management (e.g., wild oat, kochia, green foxtail) in diversified 
rotations using scientifically sound approaches that control weeds, reduce herbicide use, and limit 
crop/weed resource competition. 

Crop and weed density, biomass, reproductive tillers, and seed or pod densities will be determined 
by hand-sampling two randomly selected 0.5 m2 areas within each of 300 seeded plots at the two 
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dryland research sites. Grain yield estimates will be acquired using a plot combine to harvest a 
minimum of 12 m2 area. Crop quality measurements will include seed protein and 1000-kernel 
weights (grains), oil content and color (oil seed crops) from combine-harvested samples following 
cleaning with screens and air. Harvest index, calculated as grain yield/aboveground biomass, will 
be determined for each plot. Soil water content will be measured in each plot (one access tube per 
plot) with a neutron moisture meter (field calibrated CPN Model 503DR) in addition to other sensors 
that may be present. Soil water will be measured at planting and harvest to a depth of 180 cm in 
30cm increments in the dryland plots and to at least 120 cm in the irrigated plots.  

Irrigated Systems Research. Irrigation research will be directed towards sugarbeet, potato, and 
small grain crop sequences under self-propelled irrigation systems (center pivot and linear move). 
The major effort will focus on overhead systems rather than surface irrigation even though most 
sugar beets in the area are grown under furrow irrigation. However, there is a high potential for 
large increases in center pivot sprinkler acreage in the next 10 years. Integrated irrigation research 
(precision linear move sprinklers) includes replicated plots (see Appendix A: Tables 3 & 4) at: 1) 
the MSU Eastern Agricultural Research Center (EARC) research farm (4 ha) near Sidney, MT 
(conservation tillage/irrigation method/crop rotation interactions) on clay soils and a shallow water 
table; 2) the NDSU “Mon-Dak Irrigation Research and Development Project Farm” in the 
Nesson Valley (16 ha) on sandy soils and a deep water table, and 3) grower cooperators’ fields on 
common irrigated soils. Plot sizes for the irrigation research projects will be approximately 15 m X 
25 m with four replications at both the MSU-EARC and NDSU locations. Non-sampled plot 
border/buffer areas will be at least 3 m into the plot to eliminate edge effects. (Dr. Evans will 
coordinate overall irrigation related research.) 

Throughout the growing season, ASRU scientists will use biweekly soil samples and plant nutrient 
(petiole) samples to monitor plant growth under differing moisture conditions. Aerial remote sensing 
information will be acquired throughout the growing season (e.g., 4 times throughout the growing 
season) and related to ground plant sample data (especially plant nitrogen status) and hand-held 
hyperspectral radiometer data. The development of relationships between the ground samples and 
aerial hyperspectral imagery will be used to project findings across the wider region. Validation of 
the relationships developed from the plot data will be conducted in grower fields using the sampling 
approaches listed above. Soil water will also be measured by a network of electronic sensors (e.g., 
30 cm long Decagon EcH20® capacitance probes and/or Watermark® soil matrix sensors) tied to 
small dataloggers with spread spectrum radios to provide real time monitoring and feedback. 
Sensors will be placed vertically and centered at about 30 cm and 90 cm depths in the crop row. 
The electronic soil water probe data will be supported with locally field calibrated CPN Model 
503DR neutron moisture gage measurements (15 cm increments) to the 1.2-m depth in the crop 
row on a biweekly basis. Recording tipping bucket rain gauges will also be placed at each soil water 
monitoring site with the top of the 20 cm wide gauge at canopy height to monitor rainfall/irrigation 
amounts and timing. Soil moisture and rain gauge values will be used to verify adequacy of 
irrigation scheduling, measure applications and modify irrigation amounts if necessary.  

Two 0.5 m2 samples will be hand-harvested from within each plot to quantify total aboveground dry 
matter, weed biomass, crop and weed reproductive tillers, and weed seed production. Sugarbeet 
and potato samples will be a total harvest from a 2 m X 15 m in the center of the plot area. Combine 
harvest data for cereal crops will be collected from three swaths using a 1.52-m wide Kincaid plot 
combine (swath lengths of approximately 15 m length). Total yield areas will be subsampled (n=10) 
for quality and defects. Sugarbeet samples will be assessed for quality (e.g., specific gravity, size 
distribution, length, brie nitrates, sugar content) and tons produced. Yields, protein content, kernel 
size distributions and color will be determined for barley and wheat samples. Potato analyses will 
include yields, tuber size and shape, specific gravities and assessed for internal defects. 

Cultural Practices (vacant Agronomist, Lenssen, Evans, Waddell, Lartey, Caesar-TonThat, vacant 
Ag Engineer). Unless otherwise specified, agronomic practices and crop management will be 
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similar to those commonly used for high-yield on-farm crop production in the Northern Great Plains. 
All irrigated plots will be treated with a Dammer-Diker™ to create small pits in the furrows to ensure 
that water stays on plots after the last cultivation, if needed. In addition, poylacrylamides (PAM) or 
other soil amendments may also be used to reduce off-plot water movement and soil erosion. 
Herbicides will be the primary method of weed control and supplemented with early season 
cultivation or hand removal if needed. Control of weeds, insects and diseases will be according to 
the published standards produced by MSU and NDSU scientists. Commonly used crop varieties 
with high yield potentials will be selected, and they will be fertilized to meet realistic yield goals.  

Weed seedbank sampling cannot be done on an annual basis on all plots due to the amount of time 
required to process samples, but would generally be done every 3 or 4 years, depending on the 
rotation length of each experiment. The Nesson Valley (NDSU) irrigated sugar beet rotation study 
will be sampled for weed seedbank density and species every third year. Weed seedbank density 
will be evaluated for key weeds (e.g. kochia, green foxtail and redroot pigweed in the sugarbeet and 
potato crops) each year after planting by collecting and compositing 25 random samples per plot. 
This data will allow us to track the average number of seeds (by species) in each plot and 
statistically determine differences among plots that result from the various treatments.  

Water Management (Evans, Waddell, vacant Agronomist, vacant Ag Engineer). Linear move 
systems are being used for this research because we can duplicate the water application 
characteristics of larger center pivot systems, in a much smaller area. An air-activated solenoid will 
control water application rates for each sprinkler head. The individual sprinkler heads will operate in 
groups equal to plot widths to meet water requirements of the different crops included within the 
experimental design (e.g., barley vs. sugarbeets). Water applications will be controlled at the 
generator cart by a commercial programmable logic controller (PLC; Seimens Model 226). The 
controller will adjust the amount of water being applied to each location of the field (manual override 
is possible). Water applications will be equally split by area within the EARC linear move system 
using either the mid-elevation spray application (MESA) heads or low energy precision application 
(LEPA) heads. The MESA heads (Nelson S3000/yellow plate/#29 nozzles) will apply water 
approximately 0.5 m above the crop canopy with sprinklers about every 3.3 m. The LEPA system 
(Senninger LDN bubblers) will apply water between each row at about 12 cm from the soil surface. 
Locations of both MESA and LEPA plots will be varied depending on the experimental design, but 
both will apply equivalent depths per pass. The Nesson Valley site will all be MESA heads.  

Irrigations will be initiated when the cumulative crop evapotranspiration (ETc) estimates have 
reached either 15 or 30 mm adjusted for approximate application efficiencies of 80% for MESA and 
90% for LEPA. ETc replacement requirements will be calculated from on-site weather data using the 
FAO-56 procedures (Allen et al., 1998). Water applications will be controlled using maps (frequently 
updated) generated from plot maps and crop specific ETc from weather station data for each area of 
the field depending on the linear move’s position. Raven DGPS units (mounted in the center of 
each system) will determine the exact position of both linear move systems as they move across 
the field. When necessary, pre-plant and emergence irrigations will be applied with the MESA spray 
heads. Logistically, it will be necessary to run the irrigation system, even when some plots (or 
zones) do not need water (zero applications). Therefore, the designed volume capacities of both 
systems were increased to about 1.45 L s-1 ha-1 (~ 9 gallons min-1 ac-1) of water to provide extra 
flexibility, and precision controls will change applications by location in the field. Irrigation 
treatments will be limited to daylight hours, because of the high supervision needs of the linear 
move systems and the 8 hours per day restrictions on the government-employed labor force. 

Fertility (Waddell, vacant Agronomist, vacant Ag Engineer and other regional scientists). 
Conventional irrigated tillage plots will follow common grower practice and have all the phosphorus 
(MAP) and urea nitrogen fertilizer applied uniformly across the plot area and incorporated (ripping, 
mulching, 2X leveling and bedding) in the fall. In the strip till plots, a starter level of nitrogen (urea) 
and all needed MAP fertilizers will be banded in the in the fall. Potassium will only be applied when 
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soil tests indicate a deficiency (no build factor). The remaining nitrogen fertilizer will likely be applied 
as urea ammonium nitrate (UAN 28) with the irrigation water during the season as needed for each 
experiment. For sugarbeet crops planted on sandy soils (e.g., Nesson Valley site), it may be 
necessary to side dress nitrogen as well as apply nitrogen though the linear move system to avoid 
premature nitrogen deficits (determined by bi-weekly plant testing). Micronutrients will be applied, 
as recommended by the annual soils testing laboratory, either through the sprinkler system or by 
preplant land applications.  

EARC Irrigation Study. The general objective of the MSU EARC research near Sidney, MT is to 
develop irrigation management and cultural practices that promote water use efficiency, and 
enhance environmental benefits. The purpose of these experiments is to develop information on the 
effect of crop sequences, tillage and irrigation methods on crop yield and quality, foliar disease 
incidence and weed distributions on heavy soils. The subobjective is to develop irrigated farming 
practices that maintain soil structure, promote soil microbial populations and eliminate the need for 
expensive post-harvest soil treatments.  

This portion of the CRIS is a six-year research plan as shown in Appendix A (Table 3 and Figures 
A-2 to A-6). A crop rotation and tillage study was established in the fall of 2003 for the 2004 season 
under a 245 m long self-propelled linear move irrigation system (ditch feed) owned by MSU. 
Approximately 4 ha of land are being leased for cropping systems research. The intent is to 
evaluate modified tillage interactions (convention tillage and strip till) under two irrigation methods 
(MESA and LEPA, implemented as stated above) (4 reps) four sugarbeet/barley rotations in a 
stripped block crossover design (56 plots) that changes year by year. The appropriate ANOVA and 
least significant difference tests will be used to evaluate treatment effects. The plot areas were 
planted to sugarbeets in 2002 and malting barley in 2003. Each plot area (all malting barley) was 
harvested individually in 2003 and analyzed for yield, protein, color, kernel size distributions and 
quality to assess inherent variability across the study site for future use in detrending data sets. 

The sugarbeet/barley rotation represents the most common irrigated rotation currently used in the 
MonDak area. Fall fertilization (N, P, K) and tillage is common due to the cold winters (low N 
losses), deeply frozen soils and short planting windows in the spring. All rotations in this experiment 
are intended to maximize net return to the growers (given realistic yield expectations) over the two 
years. However, we want to minimize tillage as much as possible in ways that are still acceptable to 
growers using center pivot irrigation. Sugarbeets are on 61 cm rows while barley on 20 cm row 
spacing. Conventional tillage (CT) and strip till (ST) are the primary tillage treatments for all 
sugarbeet rotations. CT starts in the fall will consist of two tillage passes with a combination 
mulcher-ripper equipped with shatter blocks and shatter wings on shanks at a 61 cm spacing, 
followed by two passes with a roller harrow and two passes with a land plane (normal grower 
practice). Prior to planting in the spring, an S-tine tillage tool will be used to kill small weeds and 
create a seedbed suitable for conventional planting equipment. CT barley is tilled with an S-tine tool 
in the spring after sugarbeets. The ST sugarbeet treatments utilize a custom built coulter and shank 
tiller (about a 40 cm wide strip) with two fertilizer boxes for side dressing as the primary tillage for 
sugarbeets in the fall. ST barley is tilled in the spring to mitigate the effects of sugarbeet harvesting 
activities prior to planting. A conventional grain drill is used for planting the barley. 

Standard grower tillage practices (CT) will be used as the control. ST will be used on sugar beets 
during the preceding fall after barley (some fertilizer will be banded at the same time). Since this will 
all be under overhead irrigation (linear move), it gives us some options that are not available for 
furrow irrigated sugar beet rotations including leaving the field flat to reduce runoff and maintain 
residue between strips. Row crops will be planted on 61 cm spaced beds, and the small grains on a 
common irrigated 20 cm row spacing. Standard grower practices for fertility (not treatments) and 
pest control for each crop will be based on MSU recommendations for expected yield goals. Weeds 
will be controlled by applying approved herbicides, hand removal or cultivation as needed. A row 
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crop cultivator with high residue handling capability will be used in the ST sugarbeets in addition to 
approved chemicals and/or hand removal. 

The amount of water applied (depth) per irrigation will not be varied, but the number of water 
applications may be adjusted to avoid undue stress or over-applications. Irrigation frequency will be 
based on a total replacement ETc of 15.2 mm (0.60 inches) for each crop adjusted for irrigation 
efficiency. Controllers for precision irrigation will be installed and tested during early spring 2004 (as 
discussed above). The plots were mapped for EC with the Veris™ 3100 in the spring 2003 on a 10 
m spacing, soil sampled in fall 2003 in 30 cm increments to 120 cm (where possible) at two 
locations in each plot, and analyzed to obtain baseline data to characterize the soil as previously 
described. In addition, data will be collected (2X/plot) to characterize SOM, POM, water stable 
aggregates (WSA), total microbial biomass, and selected soil microbial populations in Spring 2004. 
Soils will also be sampled in the top 30 cm, biweekly, during the growing season to monitor 
available nitrate concentrations. Subsequent annual soil samples will focus on N, P, K and some 
micronutrients at the 0-15 and16-30 cm depths, and only N at the 30-61 cm and 61-122 cm depths. 
After the 2003 barley harvest, a base fertilizer level (partial N and P requirements for annual 
sugarbeet production) was applied and incorporated. Additional N will be added during the growing 
season by side dressing or through the irrigation system. 

Nesson Valley Irrigation Study. The NDSU farm in the Nesson Valley is located about 120 km from 
NPARL on the north side of the Missouri River. A 366 m long self-propelled Valley linear move 
(hose drag) irrigation system, has been erected at the site on a 16 ha block. The water supply 
system will be installed in spring 2004. Uncertainties associated with the completion of the water 
delivery system in 2004 have postponed the anticipated research start date to the spring 2005. 
Controls for precision irrigation (MESA) will be installed and tested in the summer of 2004. 

The goal of this irrigation research is to improve agricultural water use efficiency for self-propelled 
irrigation systems in the NGP. The general objective of this experiment is to develop information on 
the relative effect of crop sequences, tillage and irrigation frequency on water use for various crops, 
yields and crop quality, foliar disease incidence and weed distributions on sandy soils. We will 
implement six crop sequences (Table 4: Appendix A) with four replications in stripped block design 
(48 plots), and the appropriate ANOVA and least significant difference tests will be used to evaluate 
treatment effects. This represents some typical grower cropping practices for irrigated potato/sugar 
beet/barley crop management in the NGP. The potato and sugarbeet row spacing will be 61 cm and 
irrigated small grains will be planted in the commonly used row spacing of 20 cm for these crops. 
Fertility and pesticide use are not treatments and will be based on NDSU recommendations.  

The soils have not been previously irrigated (currently in dryland alfalfa and grass hay production) 
and this is a great opportunity to track changes in the soil microbiology and soil structure as 
irrigated farm management is imposed. Thus, an additional 15 m wide X 240 m long strip of 
precision irrigated and dryland grass-alfalfa hay (current dryland hay crop to be maintained, 
irrigated and harvested) will also be established (8 plots, RCB, 4 reps) adjacent to the crop 
sequence plots to better track soil quality changes (e.g., soil microbe populations & distributions 
and enzymes [Caesar-TonThat].) during the transition from dryland to irrigated no-till practices, over 
the 4 years. The crop sequence study will also be sampled as part of the transition effects study. 

Irrigations in the crop sequence study will apply the full soil water replacement amount when the 
calculated cumulative ETc requirements are 15.2 mm or 30.4 mm at an assumed 80% application 
efficiency (applying the same total amount of water over the season). Standard grower practices will 
be used as much as possible. Since the sandy soils are subject to severe wind erosion when cover 
is removed (especially in late winter and spring), we will try to conserve as much surface residues 
across all plots as possible in winter. 

Soil sampling was conducted in 2002 on the grass-alfalfa hay fields (60m x 60m grid) and analyzed 
for chemical and physical characteristics as previously described to 120 cm depth. The area was 
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also mapped for EC variations in 2003 at 10 m spacing. The 16 ha study area will be more 
intensively sampled with two sites per plot (20m by 20 m grid) with DGPS coordinates (2004). In 
addition, data will be collected to characterize SOM, POM, WSA, total microbial biomass, and 
selected soil microbial populations in 2004 for each plot as a baseline to help quantify soil quality 
changes during the transition from dryland to irrigated production at the site. 

Ecological, Physical and Physiological Relationships. Many of the procedures and methods for 
ecology, plant pathology and soil quality research will be the same for both the primary dryland and 
irrigated research sites discussed in this proposal. These are presented below. 

Plant Pathology (Lartey, Sainju, vacant Agronomist, Evans): Attaining sustainable yields under 
diverse irrigation and dryland crop production systems strongly depend on understanding 
relationships between the various cropping strategies and disease incidence. Molecular techniques 
such as PCR, pulsed field gel electrophoresis, cloning and sequencing will be utilized to elucidate 
the biology of host pathogen interactions as basis for developing an efficient biological control 
systems against pathogens that minimize pesticide usage. In addition, we will continue working on 
completing the genomic sequencing of C. beticola, and possibly relevant FHB causing organisms to 
help provide new insights on host-pathogen interactions.  

A successful biological control program depends on isolating and identifying the appropriate 
antagonists that can overcome any toxins produced by the organisms. Cercosporin, a toxin 
produced by Cercospora spp. is toxic to a wide range of organisms including other fungi, bacteria, 
plant and animals. The toxin is likely a self-defense mechanism developed by the pathogen to 
protect it against a potential antagonist as well as a means to breakdown host cell walls for food. 
Initial biological control efforts will be based on the identification, evaluation and application of 
known natural antagonists (e.g. Trichoderma harzianum, T. aureoviride and Laetisaria arvalis) and 
the natural products they produce (e.g. laccase from L. arvalis) to combat diseases such as CLS 
and FHB. Laccase produced by L. arvalis has been shown to degrade cercosporin (Caesar-
TonThat et al, unpublished). Studies indicate that the cercosporin is crucial for the pathogen (C. 
beticola) to obtain nutrients from host plants (Daub and Briggs, 1983; Caesar-TonThat et al, 
unpublished). Laccase will be further evaluated for its ability to breakdown cercosporin and prevent 
C. beticola from obtaining food from host plants. FHB toxins will also be evaluated for sensitivity to 
laccase as a potential biocontrol. Biochemical, molecular and microscopy techniques can be 
applied to resolve relationship between plant host/pathogen/antagonist as a means of optimizing 
biocontrol mechanisms of the biological agent. For example, microscopic techniques could be used 
to resolve the mode of action of potential biological control agent against the pathogen. Real time 
PCR can be used to determine which organisms are present and to indicate the microbial diversity. 
Biochemical techniques could also be applied to identify and study the mode of action of 
metabolites from the biocontrol agents on the suppression of the pathogen.  

In addition, other potential antagonists (e.g., for foliar biocontrol: Bacillus sp and Streptomyces sp; 
and for FHB: L. arvalis and Trichoderma sp.) , capable of suppressing CLS and FHB will be tested 
as soil and/or plant applied fungal inhibitors in growth chamber and greenhouse studies. Replicated 
treatments (4 to 6x) will include 1) the application of antagonists to C. beticola and Fusarium spp 
inoculated plants; 2) inoculated plants without antagonist treatment; 3) antagonist treatments on 
uninfected plants; and, 4) untreated controls. Appropriate standard ANOVA tests will be used to 
evaluate the antagonist’s biocontrol efficacy and differences among treatments.  

Soil Aggregation and Biochemical Properties (Caesar-TonThat, Sainju). Biological and biochemical 
markers for soil quality and productivity will be determined on dry and/or WSA and whole-soil 
collected from dryland and irrigated plots treated with tillage, cropping sequences and cultural 
practices. Aggregates will be separated using dry (Mendes et al., 1999; Schutter and Dick, 2002) 
and wet sieving (Elliott, 1986) to represent field conditions. Mean-weight diameter of aggregates will 
be measured according to Kemper and Rosenau (1986). Microbial communities, enzymatic 
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activities, and C and N pools will be correlated in the whole-soil and in aggregates. Analysis of 
comparisons among land management treatments will be done using SAS PROC MIXED.  

An enzyme-linked immunosorbent assay (ELISA) developed at NPARL-Sidney, will be used to 
detect and quantify specific soil aggregating basidiomycetes (Caesar-TonThat et al., 2001). Soil 
samples collected from each treatment area will be incubated at room temperature. The quantity of 
basidiomycetes will be expressed in mg/g soil. A colormetric procedure (690 nm) based on m-
hydroxydiphenyl (Blumenkrantz and Asboe-Hansen 1973; Van den Hoogen et al. 1998) has been 
modified to quantify uronic acids (resulting from sugars reduced by bacterial and fungal activity) in 
WSA. This test will be used to evaluate the effect of the various ICPS on the content of uronic acids 
in the aggregates and to develop a standard curve relating galacturonic acid and soil aggregation 
stability as a measure of soil quality. All samples will be processed in triplicate and the quantity of 
uronic acids will be expressed in µg/g soil. Other soil parameters being evaluated include; soil OM 
degradation caused by the enzymes invertase and/or xylanase (Schinner and Von Mersi, 1990) 
expressed as µg glucose g-1h-1.  

The C and N pools determined in the whole-soil and aggregates will be organic C and N, particulate 
organic C and N (POC and PON), potential C and N mineralization (PCM and PNM), microbial 
biomass C and N (MBC and MBN), and inorganic N (NH4 and NO3). Organic C and total N will be 
determined by C and N analyzer, inorganic N by autoanalyzer, POC and PON by the procedures 
used by Cambardella and Eliott (1992) and Beare et al. (1994), MBC by Jenkinson and Powlson 
(1976), MBN by Voroney and Paul (1984), PCM by Zibilske (1994), and PNM by Hart et al. (1994). 
Soil quality and productivity and C and N sequestrations in the soil as influenced by tillage, cropping 
sequence, and cultural practices will be determined by measuring OM dynamics, microbial 
activities, and N mineralization in the whole-soil and aggregates. These activities will be integrated 
into the ARS National Soil Management Assessment Program  

Contingencies: In the event of abnormally dry spring soil conditions, minimal supplemental (< 
average monthly precipitation) sprinkler irrigations will be used to ensure crop emergence in dryland 
(small plots) experiments. Disease and weed biocontrol systems will not be limited to a single 
antagonist, but to a wide range of organisms and physiological responses (e.g., various Bacillus, 
Streptomyces, Trichoderma spp.) Implementation problems with precision irrigation control and 
water supply systems may delay the start of NDSU plot work by one year. Interpretation of field and 
remotely sensed data may require limited projects examining temperature, soil water, weeds, 
disease, fertility and other factors on yields and quality. Β-glucosidase activity (a hydrolytic catalyst) 
measurements will be an alternative to invertase and xylanase activity in the event these tests 
prove to be unreliable. Failure of automated and other field instrumentation caused by weather, 
animals or vandalism may necessitate new equipment purchases, repairs, and/or supplemental 
manual measurements. Erratic, unclear or unforeseen results may necessitate additional small 
field, lab and/or greenhouse experiments to specifically separate effects of various factors leading 
to possible modifications of the primary experiments.  

Objective 2: To quantify environmental benefits from improved soil and water management, 
diverse crop rotations, reduced tillage, and selected combinations of cultural practices on plant, soil 
and water resources. Hypothesis 2a: Increased crop diversity and intensity, reduced tillage, and 
precision applications of nutrients, pesticides and water will maintain, or improve, yield and crop 
quality, decrease nutrient and water inputs and improve water quality (e.g. decrease nitrate 
leaching to groundwater, sedimentation levels, pesticide levels); 2a-1: More frequent, low volume, 
variable rate irrigations during the growing season can improve productivity and reduce nitrate 
leaching; 2a-2: A synergistic mix of remote sensing and on-the-go within field sensing of soil and 
plant status can decrease water and energy use through better timing of inputs for water, nutrient 
and pest management; 2a-3: Biologically-based control of pathogens and weeds will reduce 
pesticide inputs and enhance surface and groundwater water quality of irrigated and dryland 
systems; 2a-4: Increased organic matter concentrations in the soil with conservation tillage and 
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increased cropping intensity will increase nutrient mineralization while increasing carbon storage; 
Hypothesis 2b: Knowledge of interrelationships between crop sequences, tillage, and irrigation 
frequency on water use, production and crop quality will assist in development of advanced nutrient 
and water management strategies and technologies to improve environmental sustainability; 2b-1: 
Water management strategies and technologies can be developed that reduce leaching of 
agrochemicals and improve the ecological viability of irrigation enterprises in the NGP; 2b-2: 
Precision nutrient management strategies and technologies can be developed that match plant 
needs while minimizing total applications and enhancing crop quality goals;  Hypothesis 2c: ICPSs 
can be developed that improve soil quality (e.g. soil aggregation, nutrient cycling) while reducing 
specific pathogen and weed incidence; 2c-1: Minimum-till, diverse ICPS strategies can increase soil 
aggregation and improve soil structure; 2c-2: Ecological, diverse rotations can be managed to 
reduce pathogen and weed incidence in irrigated and dryland systems. Hypothesis 2d: A reduction 
in herbicide use combined with enhanced weed control can be realized with a cultural, ecological 
systems approach to weed management; 2d-1: Management differences under the selected ICPS 
will influence the abundance and diversity of weeds and plant pathogens and the functional 
interrelationships between the weeds, plant pathogens and their antagonists. 

Experimental Design: Within the experimental framework develop in Objective 1, additional efforts 
will be directed towards assessing and quantifying the environmental impacts of cultural practices 
and improved water and nutrient management on soil and water quality, runoff, leachate, and 
weed/disease ecology. Specifically, the effects of soil disturbance (under overhead irrigation) will be 
examined to determine the impact of various ICPS on weed populations, disease incidence, soil 
structure, crop yield, soil quality, agrochemical leaching, and runoff (water quality). Nutrient and soil 
water management alternatives (e.g. precision agriculture) will be evaluated using a combination of 
existing models (e.g., 2DSOIL [Timlin] & NLEAP [Ahuja, Follett]), laboratory and field 
measurements. The interrelationships (ecological-physical-physiological) between different 
cropping sequences, tillage and soil water management impacts on soil and water quality will be 
evaluated using small plot and field scale research.  

Environmental Monitoring (Evans, vacant Ag Engineer, Waddell, vacant Agronomistt). Depending 
on variations in crop rotation and C:N ratios of residues, soil may act either as a source or sink for 
available nitrogen. The availability of N over the growing season from typical and alternative dryland 
and irrigated rotations region will be monitored to assess seasonal and long-term N mineralization 
and fertilization effects on soil N, plant growth and yield. Soil nutrient cores will be taken in and 
between rows for sugarbeets and potatoes and randomly for small grain plots on the large dryland 
and irrigated rotations with two replications per plot. In-situ soil solution nitrate concentrations will 
be measured/monitored using resin extraction techniques (Skogley and Dobermann, 1996) in the 
root zone at 5 and 30 cm along with evaluation of water status (using neutron probe every two 
weeks to a depth of 150 cm in 30 cm increments beginning at 15 cm depth, and continuous 
Watermark® moisture block readings using dataloggers) to evaluate water and N movement. 
Resin-based analysis will be used in both time sequence and periodic replacement studies to 
determine nitrate mineralization/immobilization throughout the season. Above ground biomass and 
soil cores to 150 cm will be taken at preplant, twice during the growing season, and at harvest. 
These data will be compared with control plots (no applied nitrogen) to determine N budgets and 
the relative impact of N fertilization on N mineralization in the different rotations.  
Soil N mineralization potential in the NGP will be analyzed with a quick procedure identified by 
Picone et al., 2002 and compared with seasonal incubation studies in the lab. The potential N 
mineralization will be compared to actual mineralization rates, water contents, and temperatures 
occurring in the field to determine the long-term impacts of tillage and crop rotation. The ultimate 
goal is to accurately predict soil N production, immobilization and loss (considering previous crop 
history, cultural practices, climate fluctuations and soil conditions) using models like 2DSOIL (with 
D. Timlin) or NLEAP (with L. Ahuja/R. Follett). These models will also be used to indicate areas 
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where leaching will likely occur under various scenarios. Biotic assimilation and release of nitrates 
will be investigated with Drs. Caesar-TonThat and Sainju using ELISA and HPLC techniques. 

Soil and Plant Status Sensor (Evans, vacant Ag Engineer, vacant Agronomist). As part of the 
evaluation of environmental impacts, procedures will be developed and tested for wireless, sensor-
based on-the-go precision irrigation scheduling using automated on-site micrometeorologic and soil 
water sensors plus other remotely sensed data (e.g., nitrogen, IR t, etc) at the EARC and Nesson 
Valley. Automated radio-linked microclimate/soil water stations will be distributed across the field 
(minimum of 4 per field) based on EC measurement maps (Veris™ 3100), yield maps and soil 
sampling to ensure coverage the most critical areas. The goal is to ensure that field areas with 
different soil water holding capacities, fertility, and crop production potential are monitored for 
various environmental and soil conditions (minimum, in-canopy air temperature, relative humidity, 
precipitation, water application, soil temperatures, soil water content at 30 and 70 cm, and possibly 
plant canopy temperature). The accuracy of the soil water sensors will be determined using field 
soil samples and a neutron probe (field calibrated, CPN 503 DR). Remotely collected data will be 
transmitted, via spread spectrum radios back to receivers mounted on the irrigation system towers 
and relayed to a base computer for analysis and possible real-time adjustments of applied water. 
Other sensors (e.g., digital video cameras, hyperspectral radiometer and imagers) will also be used 
to obtain additional site-specific field information. The long-term goal of this research is to integrate 
field based information networks with aerial remote sensing, existing plant and pest models, and 
other technologies to provide data products that can improve the timeliness and precision of field 
augmentations through the irrigation system (e.g., leading to “on-the-go” irrigation scheduling). A 
post-doctorate person will be recruited to handle these aspects in spring 2005. 

Sensor evaluations will focus on the use of ground-based sensors supported by periodic aerial 
hyperspectral imagery (in collaboration with G. Anderson) to identify and quantify crop variables for 
real-time or within season management decisions. We don’t believe that only one sensor or remote 
sensing system can provide the range of information needed to make real time decisions. The 
objective of this aspect of the research will be to evaluate different remote sensing tools to 
determine which combinations provide the best information for different irrigated and dryland crops 
within the selected rotations and locations. The approach will use a series of aerial images and 
ground based sensor readings (e.g., field-calibrated soil water, microclimate, infrared temperature, 
band specific reflectometers, Veris EC, etc) to compare with various key crop variables quantified in 
the field and laboratory. Ground-based sensors used in collaboration with other ARS locations to 
measure plant nitrogen status (e.g., “Green Seeker” [Lincoln, NE], boom-mounted sensors [Ft 
Collins], IR thermocouples [Phoenix, Lubbock]) will also be used. This aspect of the research 
augments ongoing research efforts with similar foci and provides for a sharing of research 
knowledge and instrumentation. It is hoped that these combined efforts will help identify inefficacies 
in nitrogen and water application and ultimately provide some basis for managing spatial variability. 

Key crop variables that will be measured throughout the growing season include; above ground and 
below ground biomass, plant nitrogen status, crop yield, and crop quality measurements. The 
measurement of yield is usually straight forward, but crop quality varies with the crop being studied 
and is often influenced by crop variety and weather. Most of this work will be done on irrigated 
sugarbeets/potatoes and the field’s rotational subsequent crops (e.g., typically wheat, corn, barley). 
Laboratory measurements will be obtained from the biomass samples and include above ground 
plant nitrogen/carbon concentrations and below ground root nitrate levels and sucrose content (for 
sugarbeets) and seed protein content (for small grains). Aerial imagery will be acquired (to the 
extent possible) concomitant with field sampling to develop functional relationships between key 
variables and the imagery. Imagery will also be collected over specific grower fields to assist in 
evaluating the results of various practices and strategies. These data will also assist in evaluations 
of water application technologies to verify nutrient and water distribution patterns, stress detection, 
soil color mapping, locating potential field management zones, mapping of weed types and 
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distributions for precision weed control, and to assist pest scientists in determining the extent and 
spatial dynamics of crop pests (e.g., C. beticola), plus other needs that emerge during this project. 

Various sensors will be utilized on small plot studies at the EARC and Nesson Valley sites where 
other scientists are simultaneously collecting detailed plant, climate and soils data (as described 
above). Plant samples (biomass, nutrient status, yields [Mg ha-1], and quality [e.g., % sugar and brie 
nitrates for sugarbeets, % protein for small grains]) will be compared with data provided by the 
“green-seeker,” hand-held hyperspectral radiometer, and aerial hyperspectral imager. Samples will 
be obtained concomitant with ground based and aerial based remote data acquisition three to four 
times throughout the growing season. The resulting aerial and ground-based data will be compared 
with laboratory results of nutrients, crop quality and crop quantity using multivariate regression 
models. These analyses will help evaluate the ability of the remotely sensed data to reliably predict 
measured crop variables both spatially and temporally. Geostatistical approaches will be used to 
help evaluate the ability of remotely sensed data to predict different yield levels and crop quality 
parameters (spatially and temporally) in uniformly managed fields. 

Weed ecology and crop sequencing experiments (Lenssen, Sainju, Caesar-TonThat and other 
regional scientists). Weed ecology research will use a systems approach that includes cultural 
practices and herbicides to reduce weed seed bank and weed competition. This work will be 
coordinated by one of our new scientists and methods will be developed as needed to achieve this 
objective. Data will be collected on weed species composition and densities at key periods of crop 
and weed growth by field measurements from 400 plots in crop sequencing and ecological crop 
management experiments previously described at the Rasmussen, Culbertson, Sidney and Nesson 
Valley research sites. Weed species densities in both dryland and irrigated studies will be 
determined in ten 929 cm2 circular quadrats per plot about 3-4 weeks after crop emergence, after 
any herbicide application and just prior to crop harvest. Clipping, separation, and drying will be used 
to determine weed species densities, biomass, and seed production. Data will be analyzed with 
SAS PROC GLM, PROC MIXED, and multivariate models. Regression analyses will help determine 
relationships and predictive functions between and among weed parameters and soil quality.  

One way to assess the effect of cropping systems on weed production is to evaluate the weed 
seedbank. Relatively little research has been conducted on weed seed banks, as compared to post-
emergent weeds research. Spatial variability and the time consuming work of speciation and 
enumeration limit the number of samples that can be adequately processed. The weed seedbank 
will be evaluated at study initiation, mid-point, and completion of fieldwork for all 350 plots within 
long-term crop sequencing studies previously described for dryland and irrigated sites. Each plot 
will be sampled 25 times with a 2.5 cm diameter soil core to 10 cm depth. Soil cores will be 
combined within each plot. Seeds will be extracted from each composite soil sample with an 
elutriator, separated by density gradient centrifugation, and identified to species for important weed 
species, including kochia, wild oat, green foxtail, and redroot pigweed with the aid of a dissecting 
microscope. Data will be analyzed as described in the previous paragraph. 

Weed seeds disappear over time. Few studies have been conducted on the factors responsible for 
weed seed disappearance following seed rain.  A related issue is the role un-germinated seeds play 
in meeting the food requirements of various arthropods, microbes and small animals. Field and 
laboratory studies will be conducted with MSU entomologists (Blodgett & O’Neill) to document 
potential levels of biological control of specific weed seeds (green foxtail, kochia, wild oat) by 
carabid ground beetles (Coleoptera: Carabidae). These studies will determine the consumption 
potential of these predominant insect species (commonly found after crop harvest) on weed seeds 
in NGP dryland wheat and irrigated sugarbeet fields. Six replicated laboratory trials with the 
predominantly encountered pre- and post-harvest carabid species will measure seed predation in 
choice and no-choice trials with kochia, redroot pigweed, wild oat, and green foxtail seed. These 
trials will determine quantity(s) of weed seeds consumed, thus relating seed predation to potential 
and measured changes in field weed seed bank studies. Laboratory trials will be conducted in 
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Sidney and Bozeman. Field activity estimations of carabids will be done by pitfall trapping 24 plots, 
three traps per plot, in conventional and diverse rotations. Insect traps will be collected for one of 
every third week from harvest through October. Data will be analyzed with SAS PROC GLM, PROC 
REPEAT, and various multivariate regression models.  

Plant Pathology (Lartey, Caesar-TonThat, Lenssen). We will survey and appraise weeds and non-
target crops in the area as potential secondary hosts of C. beticola and Fusarium spp. Real time 
PCR (based on Lartey et al., 2003) will be used to rapidly detect the pathogens. Pathogen specific 
primers will used to amplify and detect target segments of the pathogen genomic DNA from plant 
tissue extracts from infected crops, residues and secondary hosts. Confirmation of the presence of 
the pathogen in the plant tissue is based on comparisons of the amplified products of the pathogen 
from suspected tissues with pure cultures of the pathogen. If in doubt, the products will be 
sequenced and compared using appropriate software, such as Vector NTI. Controls will consist of 
either pure cultures of the pathogen or purified DNA extracts. Disease severity ratings will be based 
on percentage of lesions on sampled leaves in relation to lesion free area on sampled leaves using 
WinDIAS (Delta-T Devices, Cambridge, UK). Data concerning disease severity of sampled fields 
will be analyzed by ANOVA, and mean field treatment differences will be compared using Tukey’s 
Test. Newly identified hosts will be subjected to Koch’s postulate to confirm that they are hosts of 
the pathogen. Inoculum potential will be based on detectable amounts of pathogen propagules 
found in infected plant residues and secondary hosts. Pathogen specific antibodies will be used to 
detect and quantify the various pathogens in the soil using ELISA techniques.  

Contingencies: Hyperspectral data will be obtained from both the CASI II and ground radiometers; 
and, in the event one fails the other will still supply many critical data requirements. Failure of 
automated and other field instrumentation caused by weather, animals or vandalism may 
necessitate new equipment purchases, repairs, and/or increased use of supplemental manual 
measurements. Unexpected results may necessitate additional plot, laboratory, and/or greenhouse 
experiments to specifically separate effects of various factors leading to possible modification of the 
primary experiments.  

Objective 3: To extend research results and increase adoption rates by testing promising plot 
research outcomes on growers’ fields, and by using feedback from both plot and field research 
scales to calibrate existing models for uses in combination with GIS and other valid management 
tools. Hypothesis 3a: Knowledge obtained from research conducted in Objectives 1 and 2, along 
with research conducted in cooperation with other ARS researchers and university collaborators, 
can be used to reliably assess the potential benefits and costs of managing field variability, improve 
on-farm irrigation system performance, and optimize water and nutrient application rates; 
Hypothesis 3b: Replicated field-scale experiments of improved ICPS and large-scale integrated 
disease and weed management trials, conducted over broad areas on representative soil types with 
grower, extension and industry involvement, will highlight the advantages of each system and 
facilitate adoption of improved farming practices and technologies by the agricultural community; 
3b-1 Demonstrating remote sensing and real time on-the-go within field based sensing of soil and 
plant status will provide within session information to growers for more timely crop management. 
Hypothesis 3c: Field-scale trials comparing diverse cropping with reduced tillage and ecological 
crop management will be established under this CRIS, with the ultimate objective (7-10) years) of 
demonstratively proving those systems are more economically stable than conventional small 
grains production. Hypothesis 3d: Evaluation of multiple remote sensing tools, at multiple locations 
and for different crops, will demonstrate the effectiveness and ability of each tool to improve within 
season nitrogen management. Hypothesis 3e: New techniques and analytical procedures can be 
developed that are user-friendly and improve the grower’s ability to interpret spatial data, which is 
currently very time-consuming and technologically challenging. Hypothesis 3f: Improvements to 
management technologies and procedures will increase the rate of site-specific field management 
adoption over broad geographic areas. 
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Experimental Design: It is difficult to design a technology transfer program before research results 
become apparent, consequently the hypothesis for this objective are more like goals for irrigated 
and dryland systems. We know that scientifically sound agricultural research requires a high level of 
control over the variables influencing treatment effects, and for this reason much of the research 
must be done at a subfield (plot) level. However, a fundamental paradigm is that as research is 
extended to larger scales, additional research is required at each level to account for the increased 
complexity of the farming systems and to validate the utility of the newly developed practices from 
field to field and region to region. This step is viewed as technology transfer, however, it also is 
essential research needed to define the advantages and drawbacks of each effort at various scales 
and, when possible, identify and correct impediments to the procedures that may limit adoption.  

The goal of this technology transfer objective is to: 1) provide collaborators with the data needed to 
calibrate existing models (e.g., GPFARM http://infosys.ars.usda.gov/gpfarm.htm , CPED: 
http://www.wmuinfo.usda.gov/ ) for irrigated and dryland conditions, and 2) allow for the 
development of comprehensive datasets (e.g., ag weather networks, remote sensing, EC and yield 
maps) needed by ASRU scientists to develop GIS and other analytical tools to improve our 
understanding of the agro-ecosystems. We will work with our cooperators and collaborators to 
determine the best process/mechanisms to identify, develop, design, and jointly interpret studies to 
capitalize on the linkages across disciplines and field sites.  

In order to identify instrumentation locations in grower fields, GIS databases will be used to overlay 
layers such as: topography, water holding capacity, irrigation application depth maps, remotely 
sensed canopy cover maps, EC maps, soil nutrient parameters with depth, soil texture and other 
spatially distributed factors. Yields will be mapped whenever possible. Point data, yield monitoring 
and aerial remote sensing results will be used to help formulate guidelines for adjusting the 
amounts of water and nitrogen applied by center pivot and linear move irrigation systems for 
subsequent growing seasons, if necessary. Classical as well as non-traditional geostatistical 
methods will be used to determine areas where sampling efforts need to be increased in order to 
ensure sufficient sample sizes of plant and soil measurements, interpolate data at unsampled 
locations, and assess the variability of field soil and plant sampling. 

Locally calibrated models (i.e., Ahuja: GPFARM) will be used to evaluate each dryland and irrigated 
ICPS. The models will be used to explore implications of various management strategies, increase 
grower access to relevant, regional economic and management information, and provide feedback 
to the researchers concerning potential modifications. We will be working closely with the model 
developers to verify model projections for NGP conditions. Quantification of management impacts 
on soil biota and enzymatic activities will be a valuable tool for assessing soil quality and provide 
feedback to growers, researchers, action agencies and the National Soil Management Assessment 
Framework on appropriate technologies and strategies for improved crop management.  

Aerial remote sensing (in collaboration with G. Anderson) will also be used to help identify and map 
weed occurrence in various rotational components. Ground-truth of weed infestations and densities 
will be mapped utilizing GPS to mark sampling locations. Soil sampling for weed seed soil banks 
will be collected in key locations within each grower field and research plot at the start of the season 
to establish baselines and at the end of the trial for the net effect. Data will include densities of 
viable weed seeds by species and depth of burial, thereby allowing us to determine the long-term 
effectiveness of tested management strategies on decreasing future infestation levels. Regression 
analyses, including rectangular hyperbolic models and geostatistical analyses of spatial data will be 
used to determine the severity of weed interference on crop yield and quality.  

Precision irrigation controls and various sensor systems will be installed on at least one 
collaborator’s center pivot system to evaluate large-scale precision water management alternatives 
and agrochemical applications. Meteorology stations and microclimate stations, similar to those 
located at research sites will be placed in cooperators’ fields and other strategic locations in the 
area to help extrapolate results to other sites. Various methods will be assessed (catch cans, aerial 
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remote sensing maps, etc.) to determine water infiltration variability across fields (statistical & 
analytical). This information will improve the management of center pivot irrigation systems. Catch 
can data collection and analyses (for each field) will follow the procedures and guidelines in ASAE 
Standard S396.1 (ASAE, 2002). This will be accomplished in conjunction with aerial remote sensing 
and a hydraulics-based center-pivot irrigation model (e.g., D. Heermann: CPED) to estimate water 
application depths and uniformity across the entire field. Whole field water distribution maps will be 
generated by this model and placed as a data layer in the GIS database. These data layers will be 
used in various models and graphical techniques utilizing point sensor, soils and plant sample data, 
remotely sensed images and topography, EC, yield, weed and disease maps for the same fields 
with GIS to evaluate technologies and practices, analyze management and economic impacts and 
improve grower acceptance and adoption.  

Several informal collaborative research arrangements have been established to study the effects of 
various ICPS on soil aggregates, soil aggregating basidiomycete fungi, uronic acids, and soil 
enzymes on both croplands and rangelands to verify the universality of these concepts.  

Following growth chamber and greenhouse evaluation, field trials will be carried out to test the 
efficacy of the identified biological agents to suppress CLS of sugar beet and FHB of barley and 
wheat. Various formulations involving fungal propagules such as spores, sclerotia and mycelial 
preparation will be evaluated for shelf life and efficacy for control of C. beticola and Fusarium 
species at the research fields in collaboration with NDSU, Fargo and MSU, Bozeman. 

Contingencies: If field scale collections are not possible, the plot studies will still provide valuable 
knowledge and ensure continuity of this effort, and provide valuable input to models. If GPFARM or 
other models perform poorly for NGP conditions, modifications by the developing Units may be 
made or other models considered. Conducting research at multiple locations limits the adverse 
impacts of localized weather patterns (e.g., hail), thus allowing the project to continue at the 
remaining sites. We will be using multiple levels of instrumentation for varied data collection 
activities, and if any one instrument fails the study will not be compromised. The implementation of 
precision irrigation control technologies may be delayed if a suitable collaborator cannot be found, 
but control information from the plot studies will still provide needed information to extent the results 
to on-farm conditions. Unexpected results may necessitate additional small field, lab and/or 
greenhouse experiments to specifically separate effects of various factors leading to possible 
modification of the primary experiments. 

NATIONAL AND INTERNATIONAL COLLABORATIONS 
The success of certain aspects of the ASRU projects depends on the results, models, and data 
collected at other locations. Climatic, soil and water resource differences are important factors that 
must be considered for developing and adopting new cropping technologies. Our collaboration with 
Montana State (Bergman and Flynn) and North Dakota State Universities (Bergman, Staricka, Hill 
and Steele) provides considerable additional local expertise and emphasizes the need for effective 
communication, careful planning and coordination. Entomological support will be provided by 
scientists in the Pest Management Research Unit at Sidney as well as through MSU (Blodgett) and 
other collaborations. C. Hill, an alternative crops specialist/ag economist with NDSU will assist in 
economic analyses. G. Anderson is collaborating on remote sensing efforts. Our plan is to continue 
collaboration with current local farming partners, industry, and universities and to expand 
collaboration with other ARS locations with similar interests and complementary research.  

We are quite familiar with other projects investigating irrigation system automation, spatially variable 
applications technology and sensor development at Ft. Collins, CO; Florence, SC; Sidney, MT, 
Lubbock, TX, Columbia, MO, Lincoln, NE, and Phoenix, AZ, and we have established collaborative 
efforts with the scientists from each of these locations. This research is part of the National effort to 
develop and test various precision agriculture approaches. An ARS meeting was held on this topic 
in early 2003 in Kansas City, MO to encourage collaborative research. A follow up ARS meeting 
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was held in San Diego in November 2003 to further define roles and expectations with respect to 
precision irrigation. Cooperative precision agriculture work is planned with USDA-ARS laboratories 
at Fort Collins, CO; Lincoln, NE; and Columbia MO. We will install and test precision irrigation 
controls and sensor technologies for managing precision water applications and for measurement 
of the spatial variability of crop water and nutrient status. Each location is investigating a particular 
set of techniques that are, in whole, complementary rather than duplicative. 

Collaboration with other locations will involve field testing their sensors in the NGP and collecting 
data necessary for appropriate computer models at each location. Our development of a database 
of weather, soil water content and temperature, crop/weed development and agronomic data will 
allow us to cooperate fully with ARS-GPSRU, Ft. Collins in testing and validation of the GPFARM 
model and NLEAP for NGP conditions. We will also be working with D. Timlin in Beltsville regarding 
use of the 2DSOILS model on water and nutrient fluxes. Results of sprinkler uniformity testing and 
precision irrigation testing will be used in combination the CPED model developed by the ARS-
WMRU, Ft. Collins to evaluate precision water management scenarios and practices. We will be 
open to cooperative efforts with other modeling groups within ARS as the availability of our 
databases become more widely known and as those opportunities arise.  

Data sets from a number of locations allow the development and use of general farm management 
software dealing with a range of conditions and providing guidance concerning the benefits and 
limitations of various approaches. For example, Lubbock, TX, Florence, SC, Aberdeen, ID, Prosser, 
WA and Sidney, MT are investigating potential benefits of variable water application to compensate 
for translocation within and off the field due to topography or soil conditions. Efforts at Fort Collins, 
CO are focused on more uniform application and managing to minimize field translocation of water. 
Mutual cooperation will focus on the applicability of various techniques for managing translocation 
and the value of variable rate water application. Florence, SC and Aberdeen, ID are interested in 
variable application of chemicals through the irrigation system, as opposed to a mounting a 
separate commercial system on the self-propelled irrigation system. The latter type of system is 
currently being evaluated and tested at Fort Collins, CO. We are also collaborating with Fran Pierce 
at Washington State University on various aspects of precision agriculture research. 

Remote sensing techniques (with G. Anderson) will be used to provide additional insights on plots 
and improve interpretation of treatment effects on grower fields. Remote sensing research at 
Weslaco, TX, Sidney MT, Fort Collins, CO, Lincoln NE, Bushland, TX and Phoenix, AZ are using 
different platforms for data collection (e.g. ground, aerial) and have complementary equipment. 
Developing common data sets from each location will enable comparisons to assess which soil and 
crop conditions are most and least favorable for various technologies. Different water and 
vegetative indices are being evaluated and mutual test plans developed. Close coordination of 
research efforts will help researchers determine the universality of tools and approaches and help 
determine what tools should be included in a comprehensive regional assessment package.  

Brookings, SD, Ft. Collins, CO, Akron, CO and Sidney, MT are evaluating the impact of different 
cropping systems and cultural practices on weed viability, soil weed seedbanks, and delaying 
herbicide resistance. Ft Collins, CO, Prosser, WA and Florence, SC are also evaluating variability of 
the weed populations or variability of soil characteristics affecting herbicide efficacy. Cooperation 
will focus on developing common approaches for mapping and prescribing management with 
appropriate modifications for regional differences in weed ecology and production systems. 

National collaboration is needed to answer broader cropping systems questions. In addition to the 
study sites in MT and ND (cited in this project plan), collaborations with other scientists have been 
developed to cover a broad range of management strategies, cropping systems, soil types, and 
climates. These are: 1) Soils from 3 dryland farmers growing wheat and pea (Dale Farebee, NRCS, 
Beach, ND); 2) Soils from field plots growing tomato under different tillage management maintained 
by Dr. E. Rosskopf, ARS, Fort Pierce, FL; 3) Soils from field plots growing corn and soybean under 
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different management strategies with Dr. R. J. Kremer, ARS, Columbia MO; and, 4) Soils from 
cattle grazed or no-grazed rangeland in northern Montana with the BLM, Billings, MT. 

Collaborators: G Anderson, ARS-Sidney; J Hanson, J Krupinsky & K Nichols, ARS, Mandan; M 
Vigil, ARS, Akron; D Heermann, L Ahuja, R. Follett, G. Buchleiter, H. Farahani and W Bausch, ARS, 
Ft Collins; T Howell & S Evett, ARS, Bushland; D Wanjura, ARS, Lubbock; J Sadler & R Kramer, 
ARS, Columbia; R Anderson, ARS, Brookings; J Schepers, ARS, Lincoln; J Weiland & W Shelver, 
ARS, Fargo; S Wuest, ARS, Pendleton; S Wright, ARS, Beltsville; D. Timlin, ARS, Beltsville; D. 
Karlan, ARS, Ames; P Pinter, ARS, Phoenix; J Staricka, NDSU-Williston; J Bergman, NDSU & 
MSU; J. Eckoff, MSU-Sidney, S. Blodgett, MSU-Bozeman, K. O’Neill, MSU-Bozeman, C. Flynn, 
MSU-Sidney, C. Hill, NDSU-Williston, D. Steele, NDSU-Fargo, F Pierce, WSU-Prosser; S 
Ghoshroy, NMSU-Las Cruces; B. Jacobsen, MSU-Bozeman; D. Karlan; J.A. Verreet, Christian-
Albrechts Univ., Kiel, Germany; R Pezet and O Viret, Federal Agro, Nyon, Switzerland; and 
selected MT and ND producers. Some letters of collaborative support are included in Appendix C. 

PHYSICAL AND HUMAN RESOURCES  
The Northern Plains Agricultural Research Laboratory is located on 10 acres of federal government 
land near the town of Sidney, Montana. The ASRU currently has/will have eight scientists and ten 
highly skilled, full time technicians. Two technicians are largely responsible for fieldwork in the 
dryland and irrigated research (both also collect data, analyses and supervise student aides.) We 
also hire eight to ten temporary student helpers in the summer and during school breaks. The unit 
manages 140 acres of leased dryland and 48 acres of leased irrigated lands at this time. The main 
office, laboratories, and greenhouses (federally owned) are composed of 46,000 ft2 of state-of-the-
art  air-conditioned laboratories, offices, support work areas, and 2000 sq ft of greenhouse (plus an 
additional 4000 sq ft of state-of-the-art greenhouse space to be added in next two years). 
Laboratory equipment is excellent for the purposes of this research and fairly new. Features 
include: soil and water chemistry, microbiology, and plant pathology laboratories (6 labs). Lab 
equipment includes a Lachat auto-analyzer (N03-N, Ammonium, P) and a LECO (total C, N and S) 
unit, a new HPLC unit, gas chromatographs, a new IC, conventional and fluorescent ELISA, real 
time PCR, electrophoresis, spectrophotometers, numerous microscopes including a precision 
confocal laser scope and related general lab equipment. The soils and water chemistry labs are 
equipped to measure major macro and micronutrients in plants and soil samples as well as 
pressure plates for desorption curve development. There are numerous computer controlled growth 
chambers, incubators, chemical hoods, laminar flow hoods/biosafety cabinets and a full molecular 
biology laboratory. Support research buildings include a plant and soil processing, grinding and 
drying facility, an EPA-approved constant temperature chemical storage building, a mechanics shop 
with lathe, drill press and welding equipment, equipment storage building, 2 walk in freezers, a 
sample storage area for archived soil and plant samples, and a vehicle garage. There are GIS 
facilities (with considerable on-site expertise) and computer processing and storage equipment 
more than sufficient to deal with voluminous data. The ASRU has a fleet of 7 various sized tractors, 
a small backhoe, small skid-steer fork lift, one large combine, one small plot combine with yield 
monotor, 2 no-till planters, strip tiller, cultivators, rippers, sugarbeet harvester with yield monitor, 
and other miscellaneous tillage, planting and harvesting equipment. There are a total of 18 vehicles 
available for ASRU use ranging from vans, SUVs, pickups and larger 1 ton and 2 ton trucks. One 
one-ton truck has a mounted Giddings soil probe and several trailers are available to transport 
larger equipment. All scientists and technicians have at least Pentium IV computers.  

It should be mentioned that the three scientists at the Montana State University Eastern Agriculture 
Research Center are co-located with offices and a laboratory in NPARL facilities. We share 
analytical as well as farming equipment. Dr. Jerry Bergman is the Superintendent of the MSU 
EARC, and also serves as Director of the NDSU Williston Agriculture Research Center (including 
the Nesson Valley site) with six scientists and extension specialists which greatly facilitates 
cooperation and collaboration with scientists at both locations with the ASRU programs 
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MILESTONES AND EXPECTED OUTCOMES 
Milestone 1 (18 months) - In general for all studies, after year one, preliminary data will be compiled 
and presented at field days, at regional producer meetings, extension commodity meetings, NRCS 
training, etc. Start projects on: 1) the development of biologically-based, sustainable weed and 
disease management strategies; 2) the development of soil and residue management practices for 
irrigated and dryland production that improve soil water retention and minimize the use and 
negative impacts of agrochemicals, and 3) the development of low-cost and fast tests for 
quantifying soil-aggregating microorganisms, enzymes, polysaccharides and OM decomposition 
rates (part of the ARS National Soil Management Assessment Framework). Potential management 
impacts and strategies are discussed with the NPARL Focus Group and others at those early dates. 
There will be extension outreach through participation in grower-directed, technology transfer 
activities (field days, grower meetings with our university collaborators and other agencies. 

Milestone 2 (19-34 months) – Start initial development of sensor-based irrigation scheduling 
methods for enhanced management of self-propelled water application systems; Data from 
experiments (at least one major project per scientist) will be presented at the ASA-CSA-SSSA, 
ASAE, Plant Pathology, Weed Science, Microbiology and other national and international 
professional meetings each year. And a minimum of one refereed journal manuscript will be 
submitted per scientist per year based on their research efforts. Scientists will also be encouraged 
to contribute to a least one popular press (e.g., Fact Sheets, regional farm magazines) and one 
proceedings publication each year. Participation in MSU and NDSU extension meetings and field 
days will be strongly encouraged. 

Milestone 3 (35-48 months)- After 4 years, we will have identified some of the best rotations with 
respect to soil quality and economic productivity. We will have quantified water use requirements 
and N requirements of sugarbeets, barley and potatoes, and fine-tuned our quantitative 
understanding of the water use and N requirements of various center pivot irrigated and dryland 
crops. We expect to identify the most productive soil environments in relation to crop production, as 
well as, in relation to overall biological activity and improved soil quality. Long-term crop rotation 
efforts will continue because our two and three year rotations will have only completed 2 cycles or 
less after 4 years and the steady state for C and N turnover may not have been stabilized. Fact 
sheets will be developed, passed out at grower meetings and placed on our website on: 1) 
biologically-based, sustainable weed and disease management strategies; 2) soil and residue 
management practices for irrigated and dryland production that improve soil water retention and 
minimize the use and negative impacts of agrochemicals; 3) low-cost and fast tests for quantifying 
soil-aggregating microorganisms, enzymes, polysaccharides and OM decomposition rates; 4) 
sensor-based irrigation scheduling methods for enhanced management of self-propelled water 
application systems; and, 5) improved tillage management techniques and alternative crop rotations 
that optimize soil health, soil biological diversity, biologically-based cropland weed control, residue 
management, water quality and net returns (technology transfer). Manuscripts describing the initial 
results will be in the publishing stages. Collaborative simulation model testing/validation will be a 
major component effort after the first three years. The ability to test developed paradigms at this 
point using predictive models will help validate the state of our knowledge and focus local and 
regional research efforts. Outreach will be through participation in grower-directed, technology 
transfer activities and by presentations at the ASA-CSA-SSSA, ASAE, Plant Pathology, Weed 
Science, Microbiology and other national and international professional meetings. 
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Figure 2. Gantt chart showing milestones and timelines for the CRIS project: Ecologically- Sound Pest, Water and Soil Management 
Strategies for Northern Great Plains Cropping Systems. 
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APPENDIX A: MAPS AND PLOT PLANS 
 

 
Figure A-1. Map showing general locations of research plots (black boxes) relative to the NPARL in Sidney, MT. The Rasmussen Farm is about 10 km, 
Culbertson-Froid is about 50 km and the Nesson Valley is about 120 km one way.  We are also working at the MSU EARC farm adjacent to NPARL site. 
There are (or will be) also several grower cooperators located in this large region. 
[- 
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PRIMARY DRYLAND RESEARCH PLOTS 
 
Table 1. Proposed cropping sequences in the dryland rotation and management study at the 
Culbertson-Froid and Rasmussen sites. Note that the Culbertson-Froid set of experiments will start 
in 2005.  
 
Crop Diversity-Crop Management Experiment, Culbertson-Froid and Rasmussen 
Rotation type 2004 2005 2006 2007 2008 
One-year S Wheat   S Wheat S Wheat S Wheat S Wheat 
Two-year S Wheat Field pea S Wheat Field pea S Wheat 
 Field pea S Wheat Field pea S Wheat Field pea 
Three-year S Wheat Barley (hay) Field pea S Wheat Barley (hay) 
 Barley (hay) Field pea S Wheat Barley (hay) Field pea 
 Field pea S Wheat Barley (hay) Field pea S Wheat 
Four-year S Wheat Barley (hay) Corn Field pea S Wheat 
 Barley (hay) Corn Field pea S Wheat Barley (hay) 
 Corn Field pea S Wheat Barley (hay) Corn 
 Field pea S Wheat Barley (hay) Corn Field pea 

 
 
Table 2. Dryland management treatments and practices for the primary integrated crop 
production systems being used in the basic investigations. 
 

 
Crop management treatments 

 
Management Practice 

 
       Crop 

 
Management 
type 

 
Final plant 
stand/ac 

 
Fertilizer  
Placement 

 
Planting date  

 
Row 
spacing 

 
Spring wheat 

 
Conventional 

 
900,000 

 
Broadcast Conventional  

8 in. 
 
 

 
Ecological 

 
1,250,000

 
Banded Delayed 8 in. 

 
Barley 

 
Conventional 

 
900,000 

 
Broadcast Conventional  

8 in. 
 
 

 
Ecological 

 
1,250,000

 
Banded Conventional  

8 in. 
 
Corn 

 
Conventional 

 
18,000 

 
Broadcast Conventional 32 in. 

 
 

 
Ecological 

 
24,000 

 
Banded Conventional 24 in. 

 
Pea 

 
Conventional 275,000 

 
Broadcast w  
inoculant 

Conventional  
8 in. 

 
 

 
Ecological 350,000 

 
Starter fert. 
w/inoculant 

Conventional  
8 in. 

 
All dryland rotations are produced under both conventional- and zero tillage and conventional and 
ecological crop management systems. All components of each rotation are present every year within 
each of three replicates, resulting in 120 plots at each research site. The rotations represent a range 
of diversity, from continuous spring wheat to a four-year rotation with four different crops. 
Conventional management practices are representative of those used by growers in the MonDak 
region for plant stands, fertilizer placement, seeding dates, and row spacing. The ecological 
management practices are used to increase crop competitiveness and decrease weed interference 
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by using combinations of increased crop stand densities, decreased row spacing, banded fertilizer 
application, and delayed seeding to allow preplant chemical “burndown” (e.g., Roundup® herbicide) 
or tillage of the initial weed flush prior to planting. Conventional tillage includes shallow chisel plows 
or disking followed by wide sweeps with a rod to firm the seedbed before planting. 
We will also vary the height of wheat stubble left in the field to catch snow to improve spring soil 
water conditions. The ecological treatments will leave higher stubble (e.g., 20-30 cm) with all the 
straw left in the field, whereas the conventional will leave short stubble (6-8 cm) with the straw baled 
and removed (a common grower practice to increase short-term net economic returns.) 
 
Starting in 2005 (same time we will be starting the new crop rotation study), we would like to start a 
set 4 of continuous “flex-cropping” plots at the Culbertson-Froid site using crops and management 
practices (e.g., varieties, herbicides, possible markets) suggested each year by the boards of the 
Roosevelt and Sheridan County Conservation Districts (co-owners of the site). We will monitor 
various plant and soil parameters and collect yields and compare the economic returns with our 
research projects. It is hoped that this will provide more of a focus for heightened grower interest in 
our overall dryland research program since it would be part of our annual field day at the site. 
 
PRIMARY IRRIGATION RESEARCH PLOTS 
  
Table 3. Proposed primary cropping rotations in the irrigated integrated crop production systems to 
be used in the MSU-EARC linear move irrigation investigations at Sidney starting Fall 2003. 
 

   Crop Sequence, East EARC Plots  
   Irrigation Treatments: MESA, LEPA  
        

Rotation 2003 2004 2005 2006 2007 2008 2009 
1 Barley Sbeet-C Barley Sbeet-C Barley Sbeet-C Barley 
2 Barley Sbeet-ST Barley Sbeet-ST Barley Sbeet-ST Barley 
3 Barley Barley Sbeet-C Barley Sbeet-C Barley Sbeet-C 
4 Barley Barley Sbeet-ST Barley Sbeet-ST Barley Sbeet-ST 

        
        
4 replications: two irrigation method treatments, Stipped-Block crossover statistical design that 
changes year to year (56 plots—see below). ST is strip tillage. C is conventional Tillage. MESA 
refers to mid-elevation sprinkler applications; LEPA refers to low energy precision application, which 
applies water directly on the soil in every row (bubblers) in order to apply comparable water amounts 
to MESA heads. 

Irrigated conventional tillage (CT) and strip till (ST) are the primary tillage treatments for all 
sugarbeet rotations. CT starts in the fall will consist of two tillage passes with a combination mulcher-
ripper equipped with shatter blocks and shatter wings on shanks at a 61 cm spacing, followed by two 
passes with a roller harrow and two passes with a land plane (typical grower practice). Prior to 
planting in the spring, an S-tine tillage tool will be used to kill small weeds and create a seedbed 
suitable for conventional planting equipment. CT barley is tilled with an S-tine tool or disk in the 
spring after sugarbeets. The ST sugarbeet treatments utilize a custom built coulter and shank tiller 
(about a 40 cm wide strip) with two fertilizer boxes as the primary tillage for sugarbeets in the fall. ST 
barley is tilled in the spring to mitigate the effects of sugarbeet harvesting activities prior to planting. 
A conventional grain drill is used for planting the barley. 
The following 5 figures (A-2 through A-6) are presented as examples to show the individual 
treatments by year for the EARC set of experiments. The Nesson Valley research plots will have a 
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similar design except varied by frequency rather than irrigation method. 
 
Cropping sequences in the irrigated integrated crop production systems to be used in the linear 
move irrigation investigations at the NDSU Nesson Valley site starting Spring 2005 (some field work 
will be Fall 2004.) 
 

Crop Sequence, Nesson Valley 

  
Irrigation Treatments, MESA-Frequency 1, MESA-

Frequency 2   
         

Rotation 2003 2004 2005 2006 2007 2008 2009 2010 
R1 S1 Grass Grass Sbeet-C Potatoes Barley Sbeet-ST Potatoes Barley

R1 S2 Grass Grass Barley Sbeet-ST Potatoes Barley Sbeet-ST 
Potatoe

s 

R1 S3 Grass Grass Potatoes Barley Sbeet-ST Potatoes Barley 
Sbeet-

ST 
R2 S1 Grass Grass Potatoes Sbeet-C Barley Potatoes Sbeet-C Barley

R2 S2 Grass Grass Barley Potatoes Sbeet-C Barley Potatoes 
Sbeet-

C 

R2 S3 Grass Grass Sbeet-C Barley Potatoes Sbeet-C Barley 
Potatoe

s 
Six rotations: two irrigation frequencies (15 and 30 mm of water use), 4 replications (48 plots). ST is 
strip tillage. C is conventional Tillage. (Potatoes may also be strip-tilled.) MESA refers to mid-
elevation sprinkler applications. Minimum tillage techniques will be used whenever possible 
throughout this experiment.. Stripped block statistical design. In effect, all parts of each sequence 
are present every year.  
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APPENDIX B: ADDRESSING NP207 CRITERIA 
There are at least ten characteristics distinguish the NP207 National Program from other 
national programs, so it is therefore designed differently. Distinguishing features include 
increased emphasis on stakeholder participation and on-farm research approaches. Projects 
addressing the entire spectrum of agricultural approaches and management strategies and 
philosophies are included in this national program. Information transfer will be facilitated 
through interactions and by assembling large databases that include background and 
management information as well as data from experiments conducted at scales much greater 
than traditional projects. Specific project attributes of the NP207 program that are addressed 
by this proposal are:  

1. A complete initial assessment of the current situation to understand the system. This 
understanding is needed to identify problem(s) as opposed to problem symptoms and to identify 
gap(s) in knowledge and/or information delivery. 
This research program is emphasizing minimum tillage/conservation tillage practices whenever 
possible. Many of these practices have been around for lots of years and their benefits are well 
known by growers, but the have had low rates of adoption due to various economic and cultural 
barriers. Our guiding philosophy in the development of this project has been the “removal of 
barriers” to the adoption of these improved practices in both dryland and irrigated production 
systems. For example, a major constraint to dryland minimum tillage and intensive every year 
cropping has been effective, low cost weed control on crops with low rates of return. We are 
addressing these concerns through an ecological approach that examines ways to manipulate 
the plant-soil ecosystem to keep various weed species below economic thresholds. The same is 
true with disease control. For center pivot irrigated systems, another major barrier is probably 
sustainability in terms of economics (including rising electric power costs) and minimizing 
environmental impacts. We are focusing on understanding the problem at a basic level and 
developing the applications that work.  

2. Active participation by producers and stakeholders in 'on-farm' and/or 'controlled' studies.  

This project has received a large amount of input from producers and other stakeholders through 
our Focus Group, an external peer review of our programs and a detailed strategic planning 
process during the last two years. Our customers and stakeholders have bought into the vision of 
this program and have gone to Congress for the needed personnel (as evidenced by the large 
number of “new” members.) 

3. Interdisciplinary teams and multi-organizational collaborators.  
Most of the low hanging fruit in agricultural research has already been picked. The problems are 
becoming ever more complex due to environmental and regulatory as well as economic 
concerns. There is a major shift towards quality and safety of our production systems that is 
being driven by the consumer. Consequently, many the remaining problems facing production 
agriculture in the USA can only be addressed by dedicated multidisciplinary research teams. We 
have wide range of expertise at the locations and with our broad range of local, national and 
international collaborators, and the team members are dedicated to solving these problems. The 
list of collaborators and supporting letters showing their willingness to participate is ample 
evidence of this structure. 

4. The science of interactions among components as well as with the entire 'system' and the 
'environments' in which they operate. 
Defining the crucial components of these production systems and the science behind their 
interactions is fundamental to this research. This project is considering the plant community 
ecosystem (crops, weeds, etc), soils and climate and their interactions related to crop 
production, soil quality, soil water and nutrient fluxes, crop water use and nutrient uptake and 
yield. The research is intended to integrate eco-physiological processes with simulation modeling 
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and data management, and help define the environmental implications of these crop production 
strategies. Our weed and cropping systems work seeks to characterize the ecological traits of 
weed species growth and population dynamics to develop guidelines for crop sequencing within 
integrated weed management systems; and to integrate crop, weed, and foliar disease 
management principles to develop cropping systems for sustainable agricultural production. Soil 
productivity is being defined in terms of physical, chemical and biological properties, their 
variations, changes in availability of macro and micro plant nutrients; soil fertility evaluation and 
indicators; organic and inorganic fertilizers; fertilizer application and management; systematic 
review of crop production. 

5. Optimum use of long-term studies to provide information for short-term answers while striving to 
quantify the long-term impacts associated with various options or system scenarios. 
The primary studies (2 dryland and 2 irrigated) defined in this proposal are long-term projects by 
intent. We must have the long term combined effects of these systems to determine “steady 
state” fluxes and conditions. In addition, experience has shown us many times that even though 
we have solved one problem another always takes its place (Nature always bats last). There is 
also a long-term dryland crop rotation study at the Culbertson-Froid site that was started in 1982 
and is a great resource.  

6. The infrastructure to address problems of regional and/or national scope when appropriate, 
which may require developing projects across ARS locations. 
We are developing multi-location projects with other university and ARS laboratories where each 
is conducting the same experiment or closely related experiments. Generally, these address 
small parts of the total puzzle. Examples include some of the sensor work and various aspects of 
the soil quality program. 

7. A fully documented database management plan and quality assurance/quality control protocol. 
We are in the process of setting up a coordinate ACCESS database for the storage of the 
resulting project data collection activities so that it is available (at least to read) by all members of 
the team located in Sidney only (due to cyber security issues). These data include GPS 
coordinates of data collection activities, GIS maps, EXCEL spreadsheets, and SAS statistical 
output sheets as well as common, current data collection protocols and procedures for various 
procedures. Our intent is to also include manuscript drafts within this umbrella. It will be a major 
effort to keep this database   updated and valuable to the team members. Our weekly meetings 
will be invaluable in this regard. 

8. Maximum use of natural ecological and biological resources where appropriate, considering 
diverse production options.  
Our objectives are the development of cropping systems that naturally limit the elevation of an 
organism to pest status and the development of farming practices that are compatible with 
ecological systems. This NP207 Program is centered on diversified cropping rotations that 
include cereals, legumes, annual forages, oilseed crops and horticultural crops. These rotations 
can carry considerably more economic risk to the grower due to poorly developed markets and 
drought as well as resistance from lenders for adoption of these “untried” or novel ideas. The 
options for diversified crops are also limited because choices must fit within the current Farm 
Programs, crop insurance guidelines, existing and future markets as well as equipment 
availability and costs associate with the new ventures. However, our projects on manipulating 
cultural management practices and weed/disease biocontrol make maximum use of natural 
ecological and biological resources. 

9. The appropriate scale for the research objectives and goals of all partners, stakeholders, and 
cooperators involved in planning, conducting, and interpreting the data.  
This research is being conducted on at least two scales: the detailed plot level and at the field 
level. Conducting research across multiple levels is necessary to determine problems that 
become evident when “scaling up” at practice that were not a factor in the plot research. A 



Evans, RG  et al.                                                                                                     Page 39 
 

3/15/04                                                                                                NP207 Evans 5436 13120 003 PrePP 

regional scale is added through our collaboration with decision support software (e.g., 
GPFARM), GIS and remote sensing efforts. 

10. Economic and environmental risk and social impact assessments. 
We do not currently have an environmental and social risk impact assessment component in 
place. However, as this research evolves and matures, it is our full intention to do so. Benefits 
potentially derived from this research include reduced chemical usage, improved efficiency, 
better cultural control options for pest management, and the development of integrated 
production systems based upon a better understanding of agroecological principles.  

 
In addition to specific project attributes, several mechanisms will differentiate the NP207 
National Program from other national programs. These will include mechanisms to:  
1. Incorporate information from other national programs and diverse sources and fields such as 

economics, marketing, and sociology.  

As can be seen in the write up, this NP207 project directly contributes to the NP201, 202, 303 
and 304 programs even though it is only coded for NP 207 and NP201. As a result there is 
considerable interaction between Sidney and participants in these national programs. We are 
definitely considering local, national and international market opportunities and the National 
Farm Program in selecting the crops used this experiment. We rely on input from our Focus 
Group as well as growers and various lending agency personnel in making these decisions. 

2. Exchange information with and disseminate research information to clients, partners, 
stakeholders, and those who are doing basic research.  
Various members of the team actively participate in informal national groups such as the 
National Soil Assessment Framework effort, precision agriculture and irrigation forums. We also 
have a strong commitment to publish as well as disseminate information directly to the end users 
through grower field days, commodity group meetings, popular press, etc. 

3. Conduct periodic evaluations with all partners, cooperators, and stakeholders to ensure relevant 
progress in addressing their needs and requirements. 
Results are discussed with our Focus Group at least twice a year and their input solicited as to 
relevance and impact. Their comments are carefully considered as we put together plans for the 
upcoming cropping seasons or to plan new side experiments to test various new hypotheses.  

4. Foster a national focus by encouraging more frequent interaction among scientists contributing 
to this program to prompt sharing of new technologies, insights, and techniques for analysis.  
All scientists attend at least one national or international scientific meeting in their relevant 
disciplines and expertise each year. In addition, most scientists participate in specific research 
related programs such as regional projects and various technical committees in their 
professional societies. These activities as well as subscriptions to relevant scientific journals 
serve to keep them abreast of current developments and emerging technologies. The assistance 
of the National Agricultural Library in Beltsville, MD is invaluable in providing copies of literature 
and their assistance in searches, particularly in light of the geographic isolation in Sidney relative 
to suitable university library facilities (about 450 miles east, west or south). 



Evans, RG  et al.                                                                                                     Page 40 
 

3/15/04                                                                                                NP207 Evans 5436 13120 003 PrePP 

 
APPENDIX C:  LITERATURE CITATIONS 
 
Aase, J.K. and L.L. Reitz. 1989. Effects of tillage practices and crop sequence on spring grain 

production in the northern Great Plains. Appl. Agric. Res. 4:30-36. 
Aase,J.K. and J.L.Pikul.  2000. Water use in a modified summer fallow system on semiarid northern 

Great Plains. Agricultural Water Management. 43:345-357. 
Agbu, P.A. and K.R. Olson. 1990. Spatial variability of soil properties in selected Illinois mollisols. 

Soil Sci. 150:777-786. 
Allen, R.G., L.S. Pereira, D Raes and M, Smith, 1998. Crop Evapotranspiration. FAO Irrigation and 

Drainage Paper 56. Food and Agriculture Organization, Rome. 300 pp. 
Anderson, R.L.,  1999. Cultural strategies reduce weed densities in summer annual crops. Weed 

Tech. 13:314-319. 
Anderson, R.L., 2000. Cultural systems to aid weed management in semiarid corn (Zeamays). Weed 

Tech. 14:630-634. 
Anderson, R.L. 1999. Cultural strategies reduce weed densities in summer annual crops. Weed 

Technol. 13:314-319. 
Anderson, R.L. and D.C. Nielsen. 1996. Emergence pattern of five weeds in the central Great Plains. 

Weed Tech. 10:744-749. 
Anderson, R.L., D.L. Tanaka, A.L. Black, and E.E. Schweizer.  1998. Weed community and species 

response to crop rotation, tillage, and nitrogen fertility. Weed Tech. 12:531-536. 
Anderson, R.L., D.L. Tanaka, A.L. Black, E.E. Schweizer. 1998. Weed community and species 

response to crop rotation, tillage, and nitrogen fertility. Weed Technol. 12:531-536. 
Anderson, R.L., R.A.Bowman, D.C.Nielsen, M.F.Vigil, R.M.Aiken, and J.G.Benjamin. 1999. 

Alternative crop rotations for the central Great Plains. J.Prod.Agric. 12:95-99. 
Angers, D. A. and Mehuys, G. R. 1999. Effect of cropping on carbohydrate content and water stable 

aggregationof a clay soil. Canadian Journal of Soil Science 69:373-380. 
Angulo-Jarmillo, F., J.P. Vandervaere, S Roulier, J.L. Thony, J.P. Gaudet and M. Vauclin, 2000. 

Field measurement of soil surface hydraulic properties by disc and ring infiltrometers: A review 
and recent developments. Soil Till. Res. 55:1-29. 

Arslan, S. and T.S. Colvin. 2002. An evaluation of the response of yield monitors and combines to 
varying yields. Precision Agriculture 3:107-122. 

ASAE, 2002. ASAE Standards 2002: Standards and Engieering Practices Data. 43rd Edition. 
American Society of Agricultural Engineers. St. Joseph, MI.  

Bahl, O. P. and Agrawal, K. M. L. 1972. α-galactosidases, β-glucosidase, and β- N-
acetylglucosamidase from Aspergillus niger. In: Ginsburg, V. (Ed.), Methods of Enzymology, 
gVol. 28. Academic Press, New York, pp. 728-734. 

Balesdent, J.A., A. Mariotti, and D. Boisgontier. 1990. Effects of tillage on soil organic carbon 
mineralization estimated from 14C abundance in maize soil. J. Soil. Sci. 41:584-596. 

Barnes, E. M., K. A. Sudduth, J. W. Hummel, S. M. Lesch, D. L. Corwin, C. Yang, C. S. T. Daughtry, 
and W. C. Bausch. (In Press.) Remote- and ground-based sensor techniques to map soil 
properties. Photogram. Eng. And Rem. Sens.  

Bauer, A., and A.J. Bl;ack. 1994. Quantification of the effect of soil organic matter content on soil 
productivity. Soil Sci. Soc. Am. J. 85:185-193.  

Baumgardner, M. F., L.F. Silva, L.L. Biehl, E.R. Stoner. 1985. Reflectance properties of soils. 
Advances in Agronomy 38:1-44. 

Baumhardt, R. L. and O.R. Jones, 2002. Residue management and paratillage effects on some soil 
properties and rain infiltration. Soil and Tillage Res. Elsvier. 65(2002):19-27. 

Bausch, W.C. and C.M.U. Neale. 1987. Crop coefficients derived from reflected canopy radiation: A 
concept. Trans. of the ASAE 30(3):703-709. 

Beare , M. H., Parmelee, R. W., Hendrix, P. F., Cheng, W., Coleman, D. C., and Crossley, D. A. 
1992. Microbial and fauna interactions and effects on litter nitrogen and decomposition in 
agroecosystems. Ecol. Monogr., 62:569-591. 



Evans, RG  et al.                                                                                                     Page 41 
 

3/15/04                                                                                                NP207 Evans 5436 13120 003 PrePP 

Beare , M. H., Pohlad, B. R., Wright, D. H., and Coleman, D. C. 1993. Residue placement and 
fungicide effects on fungal communities in conventional and no tillage soils. Soil Sci. Soc. Am. 
J., 57:392-399. 

Beare, M. H., Hu, S., Coleman, D. C., and Hendrix, P. F. 1997. Influences of mycelia fungi on soil 
aggregation and organic matter storage in conventional and no-tillage soils. Applied Soil 
Ecology 5:211-219. 

Ben-Dor, E., and A. Banin, 1994, Visible and near-infrared (0.4-1.1 micrometer) analysis of arid and 
semiarid soils. Rem. Sens. Env. 48(3):261-274. 

Blackmer, T.M., and J.S. Schepers, 1996. Aerial photography to detect nitrogen stress in corn, 
Journal of Plant Physiology, 148(3-4): 440-444. 

Blackmer, T.M., J.S. Schepers, and G.E. Varvel, 1994. Light reflectance compared with other 
nitrogen stress measurements in corn leaves, Agronomy Journal, 86(6): 934-938. 

Blackmer, T.M., J.S. Schepers, and M.F. Vigil, 1993. Chlorophyll meter readings in corn as affected 
by plant spacing, Communications in Soil Science and Plant Analysis, 24(17-18): 2507-2516. 

Blackmer, T.M., J.S. Schepers, G.E. Varvel, and E.A. Walter-Shea, 1996b. Nitrogen deficiency 
detection using reflected shortwave radiation from irrigated corn canopies, Agronomy Journal, 
88(1): 1-5. 

Blackmer, T.M., J.S. Schepers, G.E. Varvel, and G.E. Meyer, 1996a. Analysis of aerial photography 
for nitrogen stress within corn fields, Agronomy Journal, 88(5): 729-733. 

Blackshaw, R.E., R.N. Brandt, H.H. Janzen, T. Entz, C.A. Grant, D.A. Derksen. 2003. Differential 
response of weed species to added nitrogen. Weed Sci. 51:532-539. 

Bleiholder, H., and H. C. Weltzien. 1972. Beiträge zür Epidemiologie von Cercospora beticola Sacc. 
an Zuckerrübe: Geopathologische Untersuchungen. Phytopathol. Zeitschrift. 73:93-114 

Brown, P.L., A.D. Halverson, F.H. Siddoway, H.F. Mayland, and M.R. Miller. 1983. Saline-seep 
diagnosis, control, and reclamation. U.S. Dept. of Agric. Cons. Res. Rep. No. 30, U.S. 
Government Printing Office, Washington DC. 

Bruce, R. R., Langdale, G. W., and Dillard, A. L. 1990. Tillage and crop rotation effect on 
characteristics of a sandy soil surface. Soil Sci. Soc. Am. J., 54:1744-1747. 

Bruckler, L, A.M. Cockborne, P. Renault, and B. Claudot. 1997. Spatial and temporal variability of 
nitrate in irrigated salad crop. Irrigation  Sci. 17: 53-61. 

Burden, D.S., and H.M. Selim. 1989. Correlation of spatially variable soil water retention for a 
surface soil. Soil Sci. 148(6):436-447. 

Bushnell, T.M., 1932, A new technique in soil mapping. Amer. Soil Survey Assoc. Bull. 13:74-81. 
Buyanovsky, G.A., G.H. Wagner, and C.J. Gantzer. 1986. Soil respiration in a wheat ecosystem. 

Soil Sci. Soc. Am. J. 50:338-344. 
Caesar-TonThat, T. C. 2002. Soil binding properties of mucilage produced by a basidiomycete 

fungus in a model system. Mycological Research, 106:930-937.  
Caesar-TonThat, T. C., Shelver, W., Thorn, R. G., and Cochran, V. L. 2001. Generation of 

antibodies for soil-aggregating basidiomycete detection to determine soil quality. Applied Soil 
Ecology, 18:99-116. 

Cambardella, C.A., and E.T. Elliott. 1992. Particulate soil organic matter changes a grassland 
cultivation sequence. Soil Sci. Soc. Am. J. 56:777-783. 

Cambardella, C.A., and E.T. Elliott. 1993. Carbon and nitrogen distribution in aggregates from 
cultivated and native grassland soils. Soil Sci. Soc. Am. J. 57:1071-1076. 

Camp, C.R., and E. J. Sadler. 1994. Center pivot irrigation system for site-specific water and nutrient 
management. ASAE Paper #94-1586. ASAE, St. Joseph, MI, 9 pp. 

Camp, C. R., and E. J. Sadler. 1997. Capabilities of a center pivot irrigation system for precision 
management of water and nutrients. In Proceedings of the Irrigation Association Technical 
Conference. pp. 235-242. The Irrigation Association, Falls Church, VA. 

Carter, M. R. 1992. Influence of reduced tillage systems on organic matter, macro-aggregate 
distribution and structural stability of the surface soil of a humid climate. Soil Till. Res., 23:361-
372.  

Chenu, C. 1993. Clay- or sand-polysaccharide associations as models for the interface between 
micro-organisms and soil: water related properties and microstructure. Geoderma 56:143-156. 



Evans, RG  et al.                                                                                                     Page 42 
 

3/15/04                                                                                                NP207 Evans 5436 13120 003 PrePP 

Cheshire, M. V., Sparling, G. P. & Mundie, C. M. (1983). Effect of periodate treatment on 
carbohydrate constituents and soil aggregation. Journal of Soil Science 34: 105-112. 

Cheshire, M. V., Sparling, G. P. & Mundie, C. M. (1984). Influence of soil type, crop and air drying on 
residual carbohydrate content and aggregate stability after treatment with periodate and 
tetraborate. Plant and Soil 76:339-347. 

Christoffoleti, P.J., P. Westra, F. Moore, III. 1997. Growth analysis of sulfonylurea-resistant and -
susceptible kochia (Kochia scoparia). Weed Sci. 45:691-695. 

Clapp, C. E., Davis, C. E. and Waugaman,S. H. 1962. The effect of rhizobial polysaccharides on 
aggregate stability. Proc. Soil Sci. Soc. Am. 26:466-469.  

Clapp, C. E., Emerson, W. W. (1965). The effect of periodate oxidation on the strength of soil 
crumbs: II. Quantitative studies. Soil Science Society Proceedings 29: 130-134. 

Cranston, H.J., A.J. Kern, J.L. Hackett, E.K. Miller, B.D. Maxwell, W.E. Dyer. 2001. Dicamba 
resistance in kochia. Weed Sci. 49:164-170. 

Dalal, R.C., and R.J. Henry. 1986. Simultaneous determination of moisture, organic carbon, and 
total nitrogen by near infrared reflectance spectrophotometry. Soil Sci. Soc. Am. J. 50:120-123. 

Dalal, R.C., and R.J. Mayer. 1986. Long-term trendsin fertility of soils under continuous cultivation 
and cereal cropping in southern Queensland: II. Total organic carbon and its rate of loss from 
the soil profile. Aust. J. Soil Res. 24:281-292. 

Daub, M.E. (1982). Cercosporin, a photosensitizing toxin from Cercospora species. Phytopathology 
72: 370-374. 

Daub, M.E. and Briggs, S.P. (1983). Changes in tobacco cell membrane composition and structure 
caused by cercosporin. Plant Physiology 71: 763-766.Didden, W. 1987. Reactions of 
Onychiurus fimatus (Collembola) to loose and compact soil –methods and first results. 
Pedobiologia, 30:93-100. 

Derksen, D.A., P.R. Watson, H.A. Loeppky. 1998. Weed community composition in seedbanks, 
seedling, and mature plant communities in a multi-year trial in western Canada. Aspects Appl. 
Biol. 41:43-50. 

Derksen, D.A., R.L. Anderson, R.E. Blackshaw, B.D. Maxwell. 2002. Weed dynamics and 
management strategies for cropping systems in the northern great plains. Agron. J. 94:174-185.  

Dick, W. A. 1994. Soil enzyme activities as indicators of soil quality. P. 107-124. In J. W. Doran, D. 
C. Coleman, D. F. Berdicek and B. A. Stewart (ed.). Defining soil quality for a sustainable 
environment. Soil Sci. Soc. Am. Spec. Pub. 35, Soil Science of America , Madison, WI. 

Dick, W. A. 1996. Influence of long term tillage and crop rotations combinations on soil enzyme 
activities. J. Am. Soil Sci. 48:569-574. 

Diebert, E.J., E. French, and B. Hoag. 1986. Water storage and use by spring wheat under 
conventional tillage and no-till in continuous and alternate crop-fallow systems in the northern 
Great Plains. J. Soil Water Canserv. 41:53-58. 

Doran, J. W. 1980. Soil microbial and biochemical changes associated with reduced tillage. Soil Sci. 
Soc. Am. J., 44:765-771.  

Doran, J.W. 1987. Microbial biomass and mineralizable nitrogen distributions in no-tillage and 
plowed soils. Biol. Fertil. Soils. 5:68-75. 

Doran, J.W., and T.B. Parkin. 1994. Defining and assessing soil quality. p. 3-21. In J.W. Doran et al. 
(eds.) Defining soil quality for a sustainable environment. Spec. Pub. 35. SSSA, Madison, WI.  

Dormaar, J. F. 1984. Monosaccharides in hydrolysates of water stable aggregates after 67 years of 
cropping to spring wheat as determined by capillary gas chromatography. Can. J. Soil Sci. 
64:647-656. 

Dormarr J. F. 1883. Chemical properties of soil and water stable aggregates after sixty-seven years 
of cropping to spring wheat. Plant Soil 75:51-61. 

Dormarr J. F. and Smoliaks. 1985. Recovery of vegetative cover and soil organic matter during 
revegetation of abandoned farmland in a semiarid climate. J. Range Manag. 38:487-491. 

Drury C. F., Stone J. A., and Findlay, W. I. 1991. Microbial biomass and soil structure associated 
with corn, grasses and legumes. Soil Sci. Soc. Am. J. 55:805-811. 

Duke, H.R., Heermann, D.F., and Fraisse, C.W. 1992. Linear move irrigation system for fertilizer 
management research. In Proc. 1992 Irrigation Assoc Meeting. New Orleans, LA. 



Evans, RG  et al.                                                                                                     Page 43 
 

3/15/04                                                                                                NP207 Evans 5436 13120 003 PrePP 

Duke, H.R., G.W. Buchleiter, D.F. Heermann, J.A. Chapman. 1997. Site-specific management of 
water and chemicals using self-propelled sprinkler systems. In Precision Agriculture ‘97- Proc. 
First European Conf. on Precision Agric., Warwick, UK. John V. Stafford (ed). BIOS Scientific 
Pub. SCI. Vol. I: pp. 273-280. 

Duke, H.R., S.C. Best, and D.G. Westfall. 2000. Spatial distribution of available nitrogen under 
center pivot sprinklers. In Proc. of the 4th Natl. Irrigation Symp., ASAE, Phoenix, AZ, pp. 594-
599. 

Dyer, W.E, P.W. Chee, P.K. Fay. 1993. Rapid germination of sulfonylurea-resistant Kochia scoparia 
L. accessions is associated with elevated seed levels of branched chain amino acids. Weed Sci. 
41:18-22.  

Elliot E. T. 1986. Aggregate structure and carbon, nitrogen and phosphorus in native and cultivated 
soils. Soil Sci. Soc. Am. J. 50:627-633. 

Entz, M.H., W.J. Bullied, F. Katepa-Mupondwa. 1995. Rotational benefits of forage crops in 
Canadian prairie cropping systems. J. Prod. Agric. 8:521-529. 

Evans, R.G. and S. Han, 1994. Mapping the Nitrogen Leaching Potential under Center Pivot 
Irrigation. ASAE Technical Paper No. 94_2555. ASAE. St. Joseph, MI. 13 pp.  

Evans, R.G., S. Han and M.W. Kroeger.1995. Spatial distribution and uniformity evaluations for 
chemigation with center pivots. Trans. of the ASAE 38(1):85-92. 

Evans, R.G.,S. Han, S.M. Schneider, and M.W. Kroeger. 1996. Precision center pivot irrigation for 
efficient use of water and nitrogen. In: Proc. of 3rd International Conference on Precision 
Agriculture. Minneapolis, MN. June 23_26. ASA, CSSA, SSSA, Madison, WI. pp 75-84. 

Farahani, H. G., G.A. Peterson and D.G. Westfall, 1998. Dryland cropping intensification: a 
fundamental solution to efficient use of precipitation. Adv. Agronomy 64:197-223. 

Fletcher, D.A., 1991. A national perspective  (on nitrate in ground water). IN:  Managing Nitrogen for 
Ground water Quality and Farm Profitability. Ed. R.F. Follett, D.R. Keeney and R.M. Cruse. pp. 
9-17. Soil Sci. Am., Madison, WI. 

Forcella, F., R.G. Wilson, J. Dekker, R.J. Kremer, J. Cardina, R.L. Anderson, D. Alm, K.A. Renner, 
G. Harvey, S. Clay. 1997. Weed seed bank emergence across the Corn Belt. Weed Sci. 45:67-
76. 

Forsyth, F.R., Unwin, C.H. and Jursic, F. (1963). Cultural and pathogenic studies of an isolate of 
Cercospora beticola Sacc. Journal of the American Society of Sugar Beet Technologists 12: 
485-491. 

Foster, R. C. 1981. Polysaccharides in soil fabrics. Science 214:665-667. 
Fraisse, C.W., D.F. Heermann, and H.R. Duke. 1992. Modified linear move system for 
experimental water application. In Advances in Planning, Design, and Management of Irrigation 
Systems as Related to Sustainable Land Use. Leuven, Belgium, Vol. 1, pp.367-376.  

Franzluebbers, A.J., F.M. Hons, and D.A. Zuberer. 1995a. Soil organic carbon, microbial biomass, 
and mineralizable carbon and nitrogen in sorghum. Soil Sci. Soc. Am. J. 59:460-466. 

Franzluebbers, A.J., F.M. Hons, and D.A. Zuberer. 1995b. Tillage and crop effects on seasonal soil 
carbon and nitrogen dynamics. Soil Sci. Soc. Am. J.59:1618-1624. 

Franzleubbers, A.J., G.W. Langdale, H.H. Schomberg. 1999. Soil carbon, nitrogen, and aggregation 
in response to type and frequency of tillage. Soil Sci. Soc. Am. J.63:349-355. 

Gardner, B.R., D.C. Nielsen, and C.C. Shock, 1992a. Infrared thermometry and the crop water-
stress index 1. History, theory, and base-lines, Journal of Production Agriculture, 5(4): 462-466. 

Gardner, B.R., D.C. Nielsen, and C.C. Shock, 1992b. Infrared thermometry and the crop water-
stress index.2. Sampling procedures and interpretation, Journal of Production Agriculture, 5(4): 
466-475. 

Grant, R.F. 1997. Changes in soil organic matter under different tillage and rotation: Mathematical 
modeling in ecosys. Soil Sci. Soc. Am. J. 61:1159-1175. 

Greb, B. W. 1979. Reducing drought effects on cropland in west-central Great Plains. Agric. Bull. 
No. 420, USDA, U. S. Government Printing Office, Washington, D. C. 

Greb, B.W., D.E. Smika, and J.R. Welsh. 1979. Technology and wheat yields in the central Great 
Plains: Experiment station advances. J. Soil Water Conserv. 34:264-268. 



Evans, RG  et al.                                                                                                     Page 44 
 

3/15/04                                                                                                NP207 Evans 5436 13120 003 PrePP 

Griffiths, E. and Burns, R. G. 1972. Interaction between phenolic substances and microbial 
polysaccharides in soil aggregation. Plant and Soil 36:599-612. 

Gupta, V. V. S. R. and Germida, J. J. 1988. Distribution of microbial biomass and its activity in 
different soil aggregate size classes as affected by cultivation. Soil Biol. Biochem. 20:777-786.  

Guttieri, M.J., C.V. Eberlein, C.A. Mallory-Smith, D.C. Thill, D.L. Hoffman. 1992. DNA sequence 
variation in domain A of the acetolactate synthase genes of herbicide-resistant and -susceptible 
weed biotypes. Weed Sci. 40:670-676. 

Guttieri, M.J., C.V. Everlein, D.C. Thill. 1995. Diverse mutations in the acetolactate synthase gene 
confer chlorsulfuron resistance in kochia (Kochia scoparia) biotypes. Weed Sci. 43:175-178. 

Haas, H.J., C.E. Evans, and E.F. Miles. 1957. Carbon and nitrogen changes in Great Plains soils as 
influenced by cropping and soil treatments. USDA Tech. Bull. 1164. U.S. Gov. Prin. Office, 
Washington, DC. 

Han, S., R.G. Evans, and S.M. Schneider, 1996a. Development Of A Site_Specific Irrigation 
Scheduling Program. ASAE Technical Paper No. 96_2076.  ASAE. St Joseph, MI. 

Han, S., R.G. Evans, S.M. Schneider, and S.L. Rawlins. 1996b. Spatial variability of soil properties 
on two center-pivot irrigated fields. p. 97-106  In P. C. Robert (ed.) Proc. Third Intl. Conf. Prec. 
Ag. ASA, CSSA, SSSA, Madison, WI..  

Hanks, J.E., and J.L. Beck, 1998. Sensor-controlled hooded sprayer for row crops, Weed 
Technology, 12(2): 308-314. 

Hart, S.C., J.M. Stark, E.A. Davidson, and M.K. Firestone. 1994. Nitrogen mineralization, 
immobilization, and nitrification. p. 985-1018. In R.W. Weaver et al. (eds.) Methods of soil 
analysis. Part 2. Microbiological and biochemical properties. SSSA. Madison, WI.  

Harting, G.B., 1999.  As the Pivot Turns. Resource. American Society of Agricultural Engineers, St. 
Joseph, MI. April 6(4):13-14. 

Hassink, J. Bouwman, L. A., Zwart, K. B., Bloem, J., and Brussard, L. 1993. Relationship between 
soil texture, physical protection of organic matter, soil biota, and C and N mineralization in 
grassland soils. Geoderma, 57:105-128. 

Havlin J. L., Kisselde D. E., Maddux, L. D., Claasen M. M. and Long J. H. 1990. Crop rotation and 
tillage effects on soil organic carbon and nitrogen. Soil Sci. Soc. Am. J. 54:448-452. 

Haynes, R. J. and Francis, G. S. 1993. Changes in microbial biomass C, soil carbohydrate 
composition and aggregate stability induced by growth of selected crop and forage species 
under field conditions. Journal of Soil Science 44:665-675. 

Heilman, J.L., W.E. Heilman, and D.G. Moore. 1982. Evaluating the crop coefficient using spectral 
reflectance. Agron. J. 74:967-971. 

Hendrix, P. F., Parmelee, R. W., Crossley, D. A., Coleman, D. C., Odum, E. P., and Groffman, P. M. 
1986. Detritus food webs in conventional and no tillage agroecosystems. Biosciences, 36:374-
380. 

Hergert, G. W. 1986. Nitrate Leaching Through Sandy Soil As Affected By Sprinkler Irrigation 
Management. J. of Environ. Quality. Vol 15:272-278. 

Holland E. A. and Coleman D. C. 1987. Litter placement effects on microbial and organic matter in 
an agrosystem. Ecol. 68:425-433. 

Holtzer, T.O., R.L. Anderson, M.P. McMullen, and F.B. Peairs. 1996. Integrated pest management of 
insects, plant pathogens, and weeds in dryland cropping systems of the Great Plains. J. Prod. 
Agric. 9:200-208. 

Howell, T. A., 2000. Irrigation’s role in enhancing water use efficiency. In Proc. of the 4th Natl. 
Irrigation Symp., ASAE, Phoenix, AZ, pp.66-80. 

Howell, T.A., O.R. Jones, D.L. Reddell and A.D. Schneider, 1995. Influence of Irrigation Method, 
Tillage and Crop Residues on Infiltration and Interrill erosion on a Pullman soil. Proc. Clean 
Water- Clean Environment- 21st Century. Vol III: Practices, Systems and Adoption. ASAE. 
March 5-8. Kansas City, MO pp133-135. 

Hokansson, S. 2003. Weeds and Weed Management on Arable Land: an Ecological Approach. 
CABI Pub., Cambridge, MA.  

Irrigation Journal, 2001. 2000 Annual Irrigation Survey. January/February. Brantwood Publications, 
Tampa, FL. Pp 12-18, 21-23, 27-31, 41. 



Evans, RG  et al.                                                                                                     Page 45 
 

3/15/04                                                                                                NP207 Evans 5436 13120 003 PrePP 

Jackson, R.D., S.B. Idso, R.J. Reginato, and P.J. Pinter, Jr. 1980. Remotely sensed crop 
temperatures and reflectances as inputs to irrigation scheduling. In Proc. Am. Soc. Civil Engr.,  
Irrig. and Drain. Div. Specality Conf., 390-397. Boise, ID. 

Jacobsen, B.J. (2000). Sugarbeet Cercospora Leaf Spot-Scouting , Disease Monitoring and Control. 
Montana Crop Health Report 13.Johnston, A.M., D.L. Tanaka, P.R. Miller, S.A. Brandt, D.C. 
Nielsen, G.P. Lafond, and N.R. Riveland. 2002. Oilseed crops for semiarid cropping systems in 
the northern Great Plains. Agron.J. 94:231-240. 

Jacques, D., B. P. Mohanty and J. Feyen. 2002. Comparison of alternative methods for deriving 
hydraulic properties and scaling factors from single-disk tension infiltrometer measurements, 
Water Resources Research, Vol. 38, No. 7, 10.1029/2001WR000595.  

James, L.G. 1982. Modeling the performance of center pivot irrigation systems operating on variable 
topography. Trans. of the ASAE 25(1):143:149. 

Jenkinson, D.S., and D.S. Powlson. 1976. The effects of biocidal treatments on metabolism in soil. 
V. A method of measuring soil biomass. Soil Biol. Biochem. 8:209-213. 

Jones, O.R., V.L. Hauser, T.W. Popham, 1994. No-tillage effects on infiltration, runoff and water 
conservation on dryland. Transactions of the ASAE 37(2): 473-47 

Kaiser, E.A., and O. Heinemeyer. 1993. Seasonal variation of soil microbial biomass carbon within 
the plough layer. Soil Biol. Biochem. 25:1649-1655. 

Kandeler, E., Palli, S., Stemmer, M., and Gerzabek, M. H. 1999. Tillage changes microbial biomass 
and enzyme activities in particle-size fractions of a Haplic Chernozem. Soil Biol. Biochem. 
31:1253-1264.  

Kegode, G.O., F. Forcella, S. Clay. 1999. Influence of crop rotation, tillage, and management inputs 
on weed seed production. Weed Sci. 47:175-183. 

Kemper, W.D., and R.C. Rosenau. 1986. Aggregate stability and size distribution. P. 425-442. In: 
       A. Klute (ed.) Methods of soil analysis. Part 1. ASA and SSSA, Madison, WI. 
Kiem, R. and Kogel-Knabner, I. 2003. Contribution of lignin and polysaccharides to the refractory      
   carbon pool in C-depleted arable soils. Soil Biol. Biochem. 35:101-118. 
King, B.A., and D.C. Kincaid. 1996. Variable flow sprinkler for site-specific water and nutrient 

management. ASAE Paper #962074. ASAE, St. Joseph, MI. 
King, BA., R.A. Brady, I.R. McCann, and J.C. Stark. 1995. Variable rate water application through 

sprinkler irrigation. In Site-Specific Management for Agriculture Systems, eds. P.C. Robert, R.H. 
Rust, and W.E. Larson. Madison, WI: ASA-CSSA-SSSA, pp. 485-493. 

King, B. A., J. C. Stark, I. R. McCann, and D. T. Westermann. 1996. Spatially varied nitrogen 
application through a center pivot irrigation system. In Proceedings of the 3rd International 
Conference on Precision Agriculture, eds. P.C Robert, R.H. Rust, and W.E. Larson. Madison, 
WI: ASA-CSSA-SSSA, pp. 85-94. 

King, B.A, I.R. McCann, C.V. Eberlein, and J.C. Stark. 1999. Computer control system for spatially 
varied water and chemical application studies with continuous move irrigation systems. 
Computers and Electronics in Agriculture. Elsevier 24: 177 194.  

King, B.A., and R.W. Wall. 1997. Digital power line carrier control system for optimum operation of 
variable speed pumping plants with center pivots. ASAE Paper #972191. ASAE, St. Joseph, MI. 

King, B.A. and R.W. Wall. 1998. Supervisory control and data acquisition system for site-specific 
center pivot irrigation. Applied Engineering in Agriculture 14(2):135-144. 

King, B.A., and R.W. Wall. 2000. Distributed instrumentation for optimum control of variable speed 
electric pumping plants with center pivots. Applied Engineering in Agriculture 16: 45-50. 

King, B.A., R.W. Wall, D.C. Kincaid, and D.T. Westermann. 1997. Field scale performance of a 
variable rate sprinkler for variable water and nutrient application. ASAE Paper #972216. ASAE, 
St. Joseph, MI. 

Kiss, S., Dragan-Bularda, M., and Radulescu, D. 1975. Biological significance of enzymes in soil. 
Adv. Agron. 27:25-91. 

Klein, T. M. and Koths, J. S. 1980. Urease, protease and acid phosphatase in soil continuously 
cropped to corn by conventional and no tillage methods. Soil Biol. Biochem. 12:293-294. 

Ladd, J. N. 1978. Origin and range of enzymes in soil. In: Burns, R. G. (Ed.), Soil Enzymes. 
Academic Press, London, pp. 51-96. 



Evans, RG  et al.                                                                                                     Page 46 
 

3/15/04                                                                                                NP207 Evans 5436 13120 003 PrePP 

Lal, R., and J.M. Kimble. 1997. Conservation tillage for carbon sequestration. Nutr. Cycling. 
Agroecosyst. 49:243-253. 

Lark, R.M. and J.V. Stafford. 1996. Consistency and change in spatial variability of crop yield over 
successive seasons: methods of data analysis. p. 117-128. In P.C. Robert et al. (ed) Precision 
Agric., Proc. 3rd Intl. Conf. Minn., MN, 23-26 Jun 1996. ASA, CSSA, and SSSA, Madison, WI. 

Larson, R.E., D.L Koingman, O.H. Fletchall. 1958. The effect of smoothing devices on the action of 
pre-emergence herbicides in soybeans and corn. Weeds 6:126-132. 

Lartey, R.T., Weiland, J.J., Caesar-TonThat, T. and Bucklin-Comiskey, S. (2003). A PCR protocol 
for rapid detection of Cercospora beticola in infected sugarbeet tissues. Journal of Sugar Beet 
Research 40: 1-10. 

Linn D. M. and Doran J. W. 1984. Aerobic and anaerobic microbial populations in no-till and plowed 
soils. Soil Sci. Soc. Am. J. 48:794-799. 

Low A. J. 1972. The effect of cultivation on the structure and other physical characteristics of 
grassland and arable soils (1945-1970). J. Soil Sci. 23:362-380. 

Luschei, E.C., L.R. Van Wychen, B.D. Maxwell, A.J. Bussan, D. Buschena, D. Goodman. 2001. 
Implementing and conducting on-farm weed research with the use of GPS. Weed Sci. 49:536-
542. 

Lyle, W.M., and J.P. Bordovsky. 1981. Low energy precision application (LEPA) irrigation system. 
Transactions of the American Society of Agricultural Engineers 24: 1241-1245. 

Lyle, W.M., and J.P. Bordovsky. 1983. LEPA irrigation system evaluation. Transactions of the 
American Society of Agricultural Engineers 26: 776-781. 

Lynch, J. M. and Bragg, E. 1985. Microorganisms and soil aggregate stability. Adv. Soil Sci. 2:133-
171. 

Lu, Y.C, E. J. Sadler, and C.R. Camp. 2002. Optimal levels of irrigation in corn production in the 
Southeast Coastal Plain. Journal of Sustainable Agriculture (In press).  

Lu, Y.C., E. J. Sadler, and C. R. Camp. 2003. Economic Analysis of variable rate applications of 
irrigation water in corn production. Proc 24th Irrigation Show, San Diego, CA, Nov 18-20, 2003 
(CDROM) 

Mallawatantri, A.P. and D.J. Mulla, 1996. Uncertainties in Leaching Risk Assessment Due to Field 
Averaged Transfer Function Parameters. J of Soil Sci. Society of America 60:722-726. 

Mallory-Smith, C.A., E.J. Retzinger, Jr. 2003. Revised classification of herbicides by site of action for 
weed resistance management strategies. Weed Technol. 17:605-619. 

Martin, J. P. 1945. Microorganisms and soil aggregation: I. Origin and nature of some of the 
aggregating substances. Soil Science 59:163-174. 

Martin, J. P. 1971. Decomposition and binding action of polysaccharides in soil. Soil Biology and 
Biochemistry 3:33-41. 

McKay, M.B. and Pool, V.W. (1918). Field studies of Cercospora beticola. Phytopathology 8: 119-
136. 

McMullen, M.P., Jones, R. and Gallenberg, D. (1997). Scab of wheat and barley: A re-emerging 
disease of devastating impact. Plant Disease 81: 1340-1348. 

Mesdes, I.C., A. Bandick, R.P. Dick, and P.J. Bottomley. 1999. Microbial biomass and activities in 
soil aggregates affected by winter cover crops. Soil Sci. Soc. Am. J. 63:873-881. 

Mengistu, L.W., C.G. Messersmith. 2002. Genetic diversity of kochia. Weed Sci. 50:498-503. 
Mesbah, A., S.D. Miller, K.H. Fornstrom, D.E. Legg. 1994. Kochia (Kochia scoparia) and green 

foxtail (Setaria viridis) interference in sugarbeets (Beta vulgaris). Weed Technol. 8:754-759. 
Miller, P.R., B.G. Mcconkey, G.W. Clayton, S.A. Brandt, J.A. Staricka, A.M. Johnston, G.P. Lafond, 

B.G. Schatz, D.D. Baltensperger, and K.E. Neill.  2002. Pulse crop adaptation in the northern 
Great Plains. Agron.J. 94:261-272. 

Moffat, A. S. 2001. Finding new ways to fight plant diseases. Science. 292:2270-2273. 
Molope, M. B., Grieve, I. C. & Page, E. R. 1987. Contributions by fungi and bacteria to aggregate 

stability in cultivated soils. Journal of Soil Science 38: 71-77. 
Monreal, C. M. and Bergstrom, D. W. 2000. Soil enzymatic factors expressing the influence of land 

use, tillage system and texture on soil biochemical quality. Can. J. Soil Sci. 80:419-428. 



Evans, RG  et al.                                                                                                     Page 47 
 

3/15/04                                                                                                NP207 Evans 5436 13120 003 PrePP 

Morton, T. 1998. Comparing seasonal soil moisture availability to corn yield under a center pivot 
irrigation system. MSc. Thesis. Chem. and Bioresource Engr. Dept., Colorado State Univ., Fort 
Collins. 120 p. 

Mulla, D.J., C.A. Perillo and C.G. Cogger, 1996. A Site-Specific Farm-Scale GIS approach for 
Reducing Groundwater Contamination by Pesticides. J. of Environ. Quality. 25:419-425. 

Murayama, S. 1984. Changes in the monosaccharide composition during the decomposition of 
straws under field conditions. Soil Sci. Plant Nutr. 30:367-381. 

Nielsen, D.C. 1998. Comparison of three alternative oilseed crops for the central Great Plains. 
J.Prod.Agric. 11:336-341. 

Nielsen, D.C. 1998. Comparison of three alternative oilseed crops for the central Great Plains. J. 
Prod. Agric. 11:336-341. 

Nielsen, D.C., and R.L. Anderson. 1993. Managing residue and storing precipitation. Conservation 
Tillage Fact Sheet #2-93. Central Great Plains Res. Station, Akron, CO. 

Nielsen, D.C., R.L. Anderson, R.A. Bowman, R.M. Aiken, M.F. Vigil, J.G. Benjamin. 1999. Winter 
wheat and proso millet yield reduction due to sunflower in rotation. J. Prod. Agric. 12:193-197. 

Norwood, C.A. 1999. Water use and yield of dryland row crops as affected by tillage. Agron.J. 
91:108-115. 

Omary, M., C.R. Camp and E.J. Sadler, 1997. Center Pivot Irrigation System Modification to Provide 
Variable Water Application Depths. Applied Engr. in Agric. 13(2):235-239. 

Paustian, K., O. Andren, H.H. Janzen, R. Lal, P. Smith, G. Tain, H. Tiessen, M. van Noordwijk, and 
P.L. Woomer. 1997. Agricultural soils as a sink to mitigate CO2 emission. Soil Use Manage. 
13:230-244.  

Perry, C., S. Pocknee, and O. Hansen. 2003. A variable rate pivot irrigation control system.  In J. 
Stafford and and A. Werner (eds), ECPA 2003,  Proceedings of the Fourth European 
Conference on Precision Agriculture, pp. 539-544. 

Perry, C.D., S. Pocknee, E. Hart, G. Vellidis, D. Thomas, N. Wells, and C. Kvien. 2002. Precision 
pivot irrigation. In Proceedings of the 6th International Conference on Prec. Agriculture, 
Minneapolis, MN. ASA-CSSA-SSSA. pp. 969-983.  

Perry, C.D., S. Pocknee, O. Hansen, C. Kvien, G. Vellidis, and E. Hart. 2002. Development and 
testing of a variable-rate pivot irrigation control system. ASAE Paper No. 02-2290, ASAE, St. 
Joseph, MI. 

Paul, E. A. and Clark F. E. 1988. Soil microbiology and biochemistry. Academic Press, New York. 
Peterson, G.A., A.J. Schlegel, D.L. Tanaka, and O.R. Jones. 1996. Precipitation use efficiency as 

affected by cropping and tillage systems. J.Prod.Agric. 9:180-186. 
Picone, L.I., M.L. Cabrera, and A.J. Franzluebbers. 2002. A rapid method to estimate potentially 

mineralizable nitrogen in soil. Soil Sci. Soc. Am. J. 66:1943-1847. 
Pikul, J.L. and J.K. Aase, 1999. Wheat response and residual soil properties following subsoiling of 

a sandy loam in eastern Montana. Soil and Tillage Res 51:61-70. 
Pinter, P. J., J. L. Hatfield, J. S. Schepers, E. M. Barnes, M. S. Moran, C. S. T. Daughtry, and D. R. 

Upchurch. (In Press)  remote Sensing for Crop Management. Photogram. Eng. And Rem. Sens. 
Post, D.F., A. Fimbres, A.D. Matthias, E.E. Sano, L. Accioly, A.K. Batchily, and L.G. Ferreira, 2000, 

Predicting soil albedo from soil color and spectral reflectance data. Soil Sci. Soc. Am. J. 
64(3):1027-1034. 

Power, J. F. and J. S. Schepers,  1989. Nitrate Contamination of Ground Water in North America. 
Agriculture, Ecosystems, and Environment 26:165-187. 

Puget, P., Angers, D. A., and Chenu, C. 1999. Nature of carbohydrates associated with water stable 
aggregates of two cultivated soils. Soil Biol. Biochem. 31:55-63. 

Rhoades, J. D., F. T. Bingham, J. Letey, G. J. Hoffman, A. R. Dedrick, P. J. Pinter Jr., and J. A. 
Replogle, 1989. Use of saline drainage water for irrigation: Imperial Valley Study, Agric. Water 
Mgmt., 16:25-36.  

Richardson, A.J., C.L. Wiegand, G.L. Anderson, A.H. Gerbermann, M. Bray, K.R. Summy, and E.A. 
Sugden. 1996. Six exemplary applications of GIS technology to subtropical Texas agriculture 
and natural resources. Geocarto 11:49-60 



Evans, RG  et al.                                                                                                     Page 48 
 

3/15/04                                                                                                NP207 Evans 5436 13120 003 PrePP 

Richardson, A.J., R.M. Menges, and P.R. Nixon, 1985. Distinguishing weed from crop plants using 
video remote-sensing, Photogrammetric Engineering and Remote Sensing, 51(11): 1785-1790. 

Ritter, W. F.,  1986. Nitrate Leaching Under Irrigation:  A Review. Am. Soc. of Agric. Engr. ASAE 
Tech. Paper No. 86-2601. St. Joseph. MI. 

Robert, M. and Chenu, C. 1992. Interactions between soil minerals and microorganisms. In: Soil 
Biochemistry, 7, Eds. Bollag, J. M., Storzky, G., pp. 307-393. Marcel Dekker, New York.  

Robertson, E. B., Sarig, S., and Firestone, M. K. 1991. Cover crop management of polysaccharide-
mediated aggregation in an orchard soil. Soil Sci. Am. J. 55:734-739. 

Ruppel, E.G. (1986). Cercospora Leaf Spot. In:Whitney, E. D and Duffus, J. E. (eds) Compendium of 
Beet Diseases and Insects. St. Paul, MN, American Phytopathological Society: 8-9. 

Sadler, E.J., C.R. Camp, D.E. Evans and L.J. Ursey, 1996. A Site-Specific Center Pivot Irrigation 
System for Highly Variable Coastal Plain Soils. Proc. of 3rd International Conference on 
Precision  Agriculture. Minneapolis, MN. June 23-26. ASA, CSSA, SSSA, Madison, WI.  Pp 
757-766. 

Sadler, E. J., and C. R. Camp. 2002. Spatial variation in crop response, Part 1: Overview for variable 
irrigation of corn. Irrigation Association Technical Conference, New Orleans, LA.  

Sainju, U.M., and R.E. Good. 1993. Vertical root distribution in relation to soil properties in New 
Jersey Pinelands Forest. Plant Soil. 150:87-97. 

Sainju, U.M., and P.J. Kalisz. 1990. Characteristics of “coal bloom” horizons in undisturbed forest 
soils in eastern Kentucky. Soil Sci. Soc. Am. J. 54:879-882. 

Salinas-Garcia, J.R., F.M. Hons, and J.E. Matocha. 1997. Long-term effects of tillage and fertilization 
on soil organic matter dynamics. Soil Sci. Soc. Am. J. 61:152-159.   

Schepers, J.S., T.M. Blackmer, W.W. Wilhelm, and M. Resende, 1996. Transmittance and 
reflectance measurements of corn leaves from plants with different nitrogen and water supply, 
Journal of Plant Physiology, 148(5): 523-529. 

Schlecht-Pietsch, S., Wagner, U., and Anderson, T.-H. 1994. Changes in composition of soil 
polysaccharides and aggregate stability after carbon amendments to different texture soils. 
Applied Soil Ecology 1:145-154. 

Schutter, M.E., and R.P. Dick. 2002. Microbial community profiles and activities among aggregates 
of winter fallow and cover cropped soil. Soil Sci. Soc. Am. J.66:142-153. 

Shane, W. W., and P. S. Teng. 1992. Impact of Cercospora leaf spot on root weight, sugar yield and 
purity of Beta vulgaris. Plant Dis. 76:812-820 

Sharvelle, E. G. 1979. Plant Disease Control. AVI Publishing Co. Inc., Westport, CT. 331 pp  
Sherrod, L.A., G.A. Peterson, D.G. Westfall, and L.R. Ahuja. 2003. Cropping intensity enhances soil 

organic carbon and nitrogen in a no-till agroecosystem. Soil Sci. Soc. Am. J. 67:1533-1543. 
Shonk, J.L., L.D. Gaultney, D.G. Schulze, and G.E. Van Scoyoc, 1991, Spectroscopic sensing of 

organic matter content. Trans. ASAE 34(5):1978-1984. 
Singleton, I, Wainwrignt, M., and Edyvean, R. G. J. 1990. Some factors influencing the adsorption of 

particulates by fungal mycelium. Biorecovery 1:271-289. 
Six, J., E.T. Elliott, and K. Paustian. 1999. Aggregate and soil organic matter dynamics under 

conventional and no-tillage system. Soil Sci. Soc. Am. J.63:1350-1358. 
Skvortsov, I. M. and Ignatov, V.V. 1998. Extracellular polysaccharides and polysaccharide-

containing biopolymers from Azospirillum species: properties and the possible role in interaction 
with plant roots. FEMS Microbiology Letters 165:223-229. 

Smika, D.E., D.F. Heermann, H.R. Duke, and A.R. Batchchelder. 1977. Nitrate-N percolation 
through irrigated sandy soil as affected by water management. Agron. J. 69: 623-626. 

Smith, G. A. and E. G. Ruppel. 1973. Association of Cersospora leaf spot, gross sucrose, 
percentage sucrose and root weight in sugarbeet. Can. J of Plant Pathol. 53:695-696  

Spandl, E., B.R. Durgan, F. Forcella. 1999. Foxtail (Setaria spp.) seedling dynamics in spring wheat 
(Triticum aestivum) are influence by seeding date and tillage regime. Weed Sci. 47:156-160. 

Stallings, G.P., D.C. Thill, C.A. Mallory-Smith, B. Shafii. 1995. Pollen-mediated gene flow of 
sulfonylurea-resistant kochia (Kochia scoparia). Weed Sci. 43:95-102. 

Stanford, G., and S.J. Smith. 1976. Estimating potentially mineralizable soil nitrogen from a chemical 
index of soil nitrogen availability. Soil Sci. 122:71-76.Schepers, J.S., D.D. Francis, M. Vigil, and 



Evans, RG  et al.                                                                                                     Page 49 
 

3/15/04                                                                                                NP207 Evans 5436 13120 003 PrePP 

F.E. Below, 1992. Comparison of corn leaf nitrogen concentration and chlorophyll meter 
readings, Communications in Soil Science and Plant Analysis, 23(17-20): 2173-2187. 

Sudduth, K.A. and J.W. Hummel, 1993, Soil organic matter, CEC, and moisture sensing with a 
portable NIR spectrophotometer, Trans. ASAE, 36(6):1571-1582. 

Sudduth, K.A., S.T. Drummond, S.J. Birrell and N.R. Kitchen 1996. Analysis of spatial factors 
influencing crop yield. In Proc. 3rd Int. Conf on Prec. Agric., P.C. Robert et al. (ed.), pp. 129-140. 

Tabatabai, M. A. 1994. Enzymes. In: Weaver, R. W., Augle, S., Bottomly, P. J., Berdicek, Q., Smith, 
S., Tabatabai, A., Wollum, A. (Eds.), Methods of Soil Analysis. Part 2. Microbiological and 
Biochemical Properties, No. 5, pp. 775-833. American Society of Agronomy: Madison. 

Tanaka, D.L., 1989. Spring wheat plant parameters as affected by fallow methods in the northern 
Great Plains. Soil Sci Soc Am. J. 53:1506-1511. 

Tanaka, D.L., J.M. Krupinsky, M.A. Liebig, S.d. Merril, R.E. Ries, J.R. Hendrickson, H.A. Johnson 
and J.D. Hanson, 2002. Dynamic cropping systems: An adaptable approach to crop production 
in the northern Great Plains. Agron. J. 94:957-961. 

Thompson, C.R., D.C. Thill, B. Shafii. 1994. Growth and competitiveness of sulfonylurea-resistant 
and -susceptible kochia (Kochia scoparia). Weed Sci. 42:172-179. 

Tisdall, J. M. & Oades, J. M. 1982. Organic matter and water-stable aggregates in soils. Journal of 
Soil Science 33: 141-163. 

Tisdall, J. M. 1991. Fungal hyphae and structural stability of soil. Aust. J. Soil Res., 29:279-743. 
Tisdall, J. M. and Oades, J. M. 1980. The effect of crop rotation on aggregation in a red-brown earth. 

Austral. J. Soil Res. 18:423-433. 
Tscherko, D. and Kandeler, E. 1999. Classification and monitoring of soil microbial biomass , N-

mineralization and enzyme activities to indicate environmental changes. Die Bodenkultur 
50:215-226. 

Unger, P.W. and O.R. Jones, 1998. Long term tillage and cropping systems affect bulk density and 
penetration resistance of soil cropped to dryland wheat and grain sorghum. Soil and Tillage 
Res. 45:39-57. 

United States Department of Agriculture. 2000a. Agricultural Resources and Environmental 
Indicators, 2000. Economic Research Service, Resources and Economics Division. Ch. 2.3:1-
10.  

United States Department of Agriculture. 2000b. Agricultural Chemical Usage, 1999 Field Crops 
Summary. National Agricultural Statistics Services. pp. 1-4. 

Vaughn, K.C. 2003. Herbicide resistance work in the United States Department of Agriculture - 
Agricultural Research Service. Pest Manag. Sci. 59:764-769. 

Vestal, E.F. (1933). Pathogenicity, host response and control of Cercospora leaf spot of sugar beet. 
Agr. Exptl Sta. Iowa State College Of Agri. Mechanics Arts. Research Bull. 168. 

Vigil, M.F. and D.C. Nielsen. 1998. Winter wheat yield depression from legume green fallow. Agron. 
J. 90:727-734. 

Vigil, M.F. and D.E. Kissel. 1995. Rate of nitrogen mineralized from incorporated crop residues as 
influenced by temperature. Soil Sci. Soc. Am. J. 59:1636-1644. 

Vigil, M.F., R.A. Anderson, and W.E. Beard. 1997. Base temperature and growing-degree-hour 
requirements for the emergence of canola. Crop Science  37:844-849 

Voroney, R.P., and E.A. Paul. 1984. Determination of kc and kn in situ for calibration of the 
chloroform fumigation-incubation method. Soil Biol. Biochem. 16:9-14. 

Wall, R.W., B.A. King, and I.R. McCann. 1996. Center-pivot irrigation system control and data 
communications network for real-time variable water application. In Proceedings of the 3rd 
International Conference on Precision Agriculture, eds. P.C. Robert, R.H. Rust and W.E. 
Larson. Madison, WI: ASA-CSSA-SSSA, pp. 757-766 

Wang, D., C. Wilson, and M.C. Shannon, 2002. Interpretation of salinity and irrigation effects on 
soybean canopy reflectance in visible and near-infrared spectrum domain, International Journal 
of Remote Sensing, 23(5): 811-824. 

Wang, D., M.C. Shannon, and C.M. Grieve, 2001. Salinity reduces radiation absorption and use 
efficiency in soybean, Field Crops Research, 69(3): 267-277. 



Evans, RG  et al.                                                                                                     Page 50 
 

3/15/04                                                                                                NP207 Evans 5436 13120 003 PrePP 

Wanjura, D.F., D.R. Upchurch, and J.R. Mahan. 1992. Automated irrigation based on threshold 
canopy temperature. Transactions of the ASAE 35(5):1411-1417. 

Watkins, K.B., Y.C. Lu, and W.Y. Huang. 1999. Economic returns and environmental impacts of 
variable rate nitrogen fertilizer and water applications. In Proceedings of the 4th International 
Conference on Precision Agriculture, eds. P.C. Robert, R.H. Rust, and W.E. Larson. 
Minneapolis, MN, July 19-22. Madison, WI: ASA-CSSA-SSSA., pp.1667-1679. 

Watkins, B., Y.C. Lu, and W.Y Huang. 2002. A case study of economic and environmental impacts 
of variable rate nitrogen and water application. International Agricultural Engineering Journal 
11:173-185. 

Watt, M., Mc Cully, M. E., and Jeffree, C. E. 1993. Plant and bacterial mucilages of the maize 
rhizosphere: comparison of their soil binding properties and histochemistry in a model system. 
Plant and Soil 152:151-165. 

Watts, D.G., D. Fekersillassie, J.S. Schepers, E.E. Eisenhauer, R.F. Spalding, and N.L. Klocke. 
2000. Integrated management of irrigation and nitrogen for groundwater quality improvement. In 
Proc. of the 4th Natl. Irrigation Symp., ASAE, Phoenix, AZ, pp.44-152. 

Weaver, R. W., Angle, J. S., and Bottomley, P. S. 1994. Methods of Soil Analysis. Part 2. 
Microbiological and Biochemical Properties, No. 5. Soil Sci. Soc. Am., Madison. 

Webster, T.M., J. Cardina, A.D. White. 2003. Weed seed rain, soil seedbanks, and seedling 
recruitment in no-tillage crop rotations. Weed Sci. 51:569-575. 

Weiner, J., L. Fishman. 1994. Competition and allometry in Kochia scoparia. Ann. Bot. 73:263-271.  
Westfall, D.G., J.L. Havlin, G.W. Hergert, and W.R. Raun. 1996. Nitrogen management in dryland 

cropping systems. J. Prod. Agric. 9:192-199. 
Wiegand, C., G. Anderson, S. Lingle, and D. Escobar, 1996. Soil salinity effects on crop growth and 

yield - illustration of an analysis and mapping methodology for sugarcane, Journal of Plant 
Physiology, 148(3-4): 418-424. 

Wiegand, C.L., A.J. Richardson, and P.R. Nixon. 1986. Spectral component analysis: A bridge 
between spectral observations and agrometeorological crop models. IEEE Trans. Geosci. and 
Remote Sens. GE-24(1):83-89. 

Wiegand, C.L., J.D. Rhoades, D.E. Escobar, and J.H. Everitt, 1994. Photographic and videographic 
observations for determining and mapping the response of cotton to soil salinity, Remote 
Sensing of Environment, 49(3): 212-223. 

Wiegand, C.L., J.H. Everitt, and A.J. Richardson, 1992. Comparison of multispectral video and 
SPOT-1 HRV observations for cotton affected by soil-salinity, International Journal of Remote 
Sensing, 13(8): 1511-1525 

Wienhold B. J. and Halvorson A. D. 1998. Cropping system influences on several soil quality 
attributes in the Northern Great Plains. J. Soil and Water Cons. 53:254-258. 

Windels, C.E., Lamey, A.H., Hilde, H., Widner, J. and Knudsen, T. (1998). A Cercospora leaf spot 
model for sugar beet, in practice by an industry. Plant Disease 82: 716-725. 

Wolf, R., S.A. Clay, L.J. Wrage. 2000. Herbicide strategies for managing kochia (Kochia scoparia) 
resistant to ALS-inhibiting herbicides in wheat (Triticum aesetivum) and soybean (Glycine max). 
Weed Technol. 14:268-273. 

Wrather, J.A., T.R. Anderson, D.M. Arsyad, Y. Tan, L.D. Ploper, A. Porta-Puglia, H.H. Ram, and J.T. 
Yorinori  2001. Soybean disease loss estimates for the top ten soybean-producing counries in 
1998, Can. J of Plant Pathol. 23:115-121 

Wright S. F. and Upadhyaya. 1998. A survey of soils for aggregate stability and glomalin,a 
glycoprotein produced by hyphae of arbusculus mycorrhizal fungi. Plant and Soil 198:97-107. 

Yang, C. and G.L. Anderson, 1996. Determining within-field management zones for grain sorghum 
using aerial videography. In Proc. 26th International Symposium on Remote Sensing of 
Environment, Vancouver, B.C., Canada, March 25-29, pp. 606-611. 

Yang, C., and G. L. Anderson, 1999. Airborne videography to identify spatial plant growth variability 
for grain sorghum, Precision Agriculture, 1(1): 67-70. 

Yang, C., J.H. Everitt, J.M. Bradford, and D.E. Escobar, 2000. Mapping grain sorghum growth and 
yield variations using airborne multispectral digital imagery, Transactions of the ASAE, 43(6): 
1927-1938. 



Evans, RG  et al.                                                                                                     Page 51 
 

3/15/04                                                                                                NP207 Evans 5436 13120 003 PrePP 

Zibilske, L.M. 1994. Carbon mineralization. p. 835-863. In R.W. Weaver et al. (eds.) Methods of soil 
analysis. Part 3. Microbiological and biochemical properties. SSSA, Madison, WI. 

Zwart, K. B., Burgers, S. L. G. E., Bloem, J., Brussaards, L. Lebbink, G. Didden, W. A. M., 
Marinissen, J. C. Y., Vreeken-Buijs, M. J., and de Ruiter, P. C. 1994. Population dynamics in the 
belowground food web in two different agricultural systems. Agric. Ecosys. Environ.,  51:187-
198. 

 
 


